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long  enjoyed.     I  am. 
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Your  sincere  Friend, 

And  humble  Servant, 


THE  AUTHOR. 
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PREFACE. 


1  HK  general  attention  which  is  at  present  paid  to 
Chemistrjr  in  Britain  cannot  escape  the  most  superficial 
observer.  The  sale  of  three  large  Editions  of  a  Work 
so  extensive  as  the  present,  within  a  year  after  the  pub- 
lication of  each,  is  a  decisive  proof  that  the  votaries  of 
the  science  are  numerous  and  daily  increasing.  Indeed, 
it  possesses  such  attractive  charms,  and  sheds  so  benefi. 
(dal  an  influence  over  the  arts  and  manufactures,  that  to 
be  welcomed  and  cultivated  it  requires  only  to  be  known: 
and  if  we  consider  the  number  of  eminent  chemists  at 
present  in  the  British  Empire,  we  cannot  but  indulge 
the  most  flattering  hopes  of  the  future  progress  of  the 
science.  Some  years  ago  it  was  affirmed  in  a  continen- 
tal journal,  and  a  chemist  of  eminence  attached  his 
name  to  the  assertion,  that  Britain  possessed  scarcely  a 
scientific  chemist.  The  remark  was  prefixed  to  an  ac- 
coantof  a  set  of  experiments  on  a  subject  of  importance. 
In  this  account  many  interesting  facts  and  observations 
are  stated  as  new,  though  they  had  been  almost  all  an- 
Ucipated  three  years  before  by  Dr  WoUaston.  The 
experiments  of  the  Brilfsh  chemist  muit  have  been  un- 
known to  the  continental  philosopher,  as  he  observes 
with  regard  to  them  the  most  profound  silence  ;  yet 
they  had  appeared  in  the   Philosophical  Transactions, 

kthe  most  celebrated  work  in  England,  or  even  in  Eu- 
tepe. 
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was  not  personally  acquainted,  who  took  the  trouble 
to  send  him  lists  of  mistakes  committed  in  the  former 
Edition,  and  thus  enabled  him  to  correct  errors  which 
might  otherwise  have  passed  undiscovered  bj  the  Au- 
thor himself.  To  some  of  the  same  gentlemen  he  is 
indebted  for  a  variety  of  new  and  important  chemical 
facts,  which  had  not  been  previously  published  to  the 
world. 

The  last  volume,  in  consequence  of  the  great  length 
of  the  Appendix,  swelled  out  unexpectedly  to  such  asize, 
that  it  was  thought  expedient,  for  the  sake  of  unifor- 
mity in  the  bulk  of  the  volumes,  to  place  the  Index  at 
the  end  of  the  first  rather  than  of  the  last  volume, 
where  it  usually  stands. 
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.f\S  soon  as  man  begins  to  think  and  to  reason^  the  dif- 
'ierent  objects  which  surround  him  on  all  sides  naturally 
engage  his  attention.  He  cannot  fail  to  be  struck  ^itlig^^^y  ^^^ 
their  number,  diversity,-  and  beauty  j  and  naturally  feels"****" 
a  desire  to  be  better  acquainted  With  their  properties  and 
uses;  If  he  reflect  also,  that  he  himself  is  a'ltog^her  de- 
pendent upon  the^e  objectSi  not  merely  for  his  pleasures 
and  comforts,  but  for  his  very  e:!Listence,  this  desire  must 
beconae  irresistible.  Hence  that  curiosity^  th^t  eager 
thirst  fot  knowledge^  whteh  animates  and  distinguishes 
generous  minds. 

Natural  objects  present  themselves  to  our  view  ill  twoD;vt(!ed  in* 
difierent^ways  ^  for  we  may  consider  them,  either  &s  se- ^^ J'*^?2^^ 
parate  individuals^  or  as  connected  together  and  depend-^ 
ing  upon  each  other.  In  the  first  case,  we  Contemplate 
'  Nature  as  rn  a  state  of  rest,  and  consider  objects  merely 
as  they  resemble  one  another,  or  as  they  differ  frohi  on^. 
another :  in  the  second,  we  examine  the  mutual  action  q£ 
substances  on  each  other,  and  the  changes  produced  by 
that  action.     The  first  of  these  views  of  objects  is  distio't 
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guishcd  by  the  name  of  Satural  History  ;  the  second,  by 
that  of  Scunct\ 

Sdeace  Natural  scieT.cc,  then,  is  an  account  of  the  events  which 

take  pbcc  in  th<r  material  world.  But  every  event,  or, 
which  ^s  the  same  thin^,  every  change  in  bodies,  indi- 
cates -.m-tion  ;  for  we  cannot  conceive  change,  unless  at 
the  same  time  we  suppose  motion.  Science,  then,  is  in 
fact  an  account  of  the  different  motions  to  ^  hich  bodies 
are  stibiected,  in  consequence  of  their  mutual  action  oa 
eac'i  c:Iicr. 

*^*''^.  Now  Ov> /lies  varv  exceedinely  in  their  distances  from 

each  o:'icr.  Some,  as  the  |Unc:s,  arc  separated  by  many 
mtliior.^  of  miles  ;  while  r:>.e;-S  3is  the  particles  of  which 
water  i^  convx^sed.  ere  so  near  each  other,  that  we  cannot, 
bv  cMiT  ser.ses  at  leas\  perceive  anr  distance  between  them  ; 
md  vMiiT  di:^ver«  by  means  of  certain  pioperties  which 
thev  |ic¥se«!t«  tV.at  they  are  not  in  actual  contact.  Bot  the 
i^nfstr  of  chanjte  or  of  motion*  produced  by  the  mod&al 
action  of  bodies  on  each  Mher«  must  depend,  io  some 
r>easnre  3it  leas?«  u(xiii  tbrir  cisiance  trom  one  another, 
li  ihii:  distance  be  j^rnat  enouf:h  to  be  pei^eiTed  1^  the 
eye,  vwl  \\^w>)ue!itiT  to  admit  of  acv^urate  measomoenty 
every  c^arj^ir  in  u  will  il*>  be  |ie:\-eptibie«  and  will  ad- 
rr,::  ;^:  r^ifatx^rerrier:*  F«:  when  the  isstawe  betwecti 
rw  )K\i;es  )$  re^"  satnall  t(«  be  perceptible  by  oisr  kbms,  it 
*»  e\  tc.*^7»t  ihjit  1^^  %'Siiv^  ^n  :Hat  d»«K>:e  can  h»'  pcroep. 
.^W  i  a»,icc«5<ec^»f*:4v  errt t  wtetire  mcit:«i  in  soc^  bo» 

>3^v.m»»,-u:     ^''J'f^^*^? '^^^TKvt^rAi^raVy  i^Ti^r*  iti*lf  sa^  tT»v 
yfcTiTK   > «  Ircrv^ijr*     : W  ^  -<  ^  c*,Kr ^  r  •jr>Jwat  *U  t^o*t 


r-«  w^::c«h  are  ^^v.--^-  MiTit^i  ^r  ^-aewr^dir  awMWKSi  tfcic 


CHfiMISTRT.  ^ 

Britain  by  the  name  of  Natural  Philosophy^  and  of  late 
"by  the  more  proper  VL^'^W^ixon  o{  Mechanical  Philosophy  ; 
the  second  is  known  by  the  name  of  Cbemistty. 

CiJEMiSTRTy  then,  is  that  Science  which  treats  of  those  Dcfmitloi 
events  or  changes  in  natural  bodies  which  are  not  accom-  try, 
panied  by  Sensible  motions. 

Chemical  events  are  equally  numerous,  and  fully  as  Us  import- 
important  as  those  which  belong  to  mechanical  pliiloso- 
phy :  for  the  science  comprehends  under  it  almost  all 
the  changes  in  natural  objects  wiih  which  \ve  are  more 
immediately  connected,  and  in  which  we  have  the  great- 
est interest.  Chemistry  therefore  is  highly  worthy  of  our 
attention,  not  merely  for  its  own  sake,  because  it  increases 
oar  knowledge,  and  gives  us  the  noblest  display  of  the 
wisdom  and  goodness  of  the  Author  of  Nature  ;  but  be« 
cause  it  adds  to  6ur  resources,  by  extending  our  dominion 
over  the  material  world,  and  is  therefore  calculated  to 
promote  onr  enjoyment  and  augoKDt  our  power. 

As  a  science,  it  is  intimately  connected  with  all  the 
pfaenomena  of  nature  ;  the  causes  of  rain,  snow,  hail,  dew^ 
^ind,  earthquakes,  even  the  changes  of  the  seasons,  can 
never  be  explored  with  any  chance  of  success  while  we 
are  ignorant  of  chemistry  :  and  the  vegetation  of  plants, 
find  some  of  the  most  important  functions  of  animals,  have 
received  all  their  illustration  from  the  same  source. 
No  study  can  give  us  more  exalted  ideas  of  the  wisdom 
and  goodness  of  the  Great  First  Cause  than  this,  which 
shows  us  everywhere  the  most  astonishing  effects  produced 
by  the  most  simple  though  adequate  means,  and  displays 
to  our  view  the  great  care  which  has  everywhere  been 
taken  to  secure  the  comfort  and  happiness  of  every  living 
creature.  As  an  art,  it  is  intimately  connected  with  all 
our  manufactures :  The  glass-blower,  the  potter,  the  smith, 
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and  every  other  worker  in  metals,  the  tanner,  the  soap« 
maker,  the  djrer,  the  bleacher,  are  really  practical  che- 
mists ;  and  the  most  essential  improvements  have  beea 
introduced  into  all  these  arts  bj  the  progress  which  che- 
mistry has  made  as  a  science.  Agriculture  can  only  be 
improved  rationally,  and  certainly,  by  calling  in  the  assist- 
ance of  chemistry ;  and  the  advantages  which  medicine 
has  derived  from  the  same  source,  are  too  obvious  to  be 
pointed  out. 
Origin.  The  word  Chemistry  seems  to  be  of  Egyptian  origin, 

and  to  have  been  originally  equivalent  to  our  phrase 
natural  philosophy  in  its  most  extensive  sense,  compre- 
hending all  the  I:uowledge  of  natural  objects  which  the 
ancients  possessed.  In  process  of  time  it  seems  to  have 
acquired  a  more  limited  signification,  and  to  have  beea 
confined  to  the  art  of  working  metals*.  This  gradual 
change  was  no  doubt  owing  to  the  immense  importance 
attached  by  the  ancients  to  the  art  of  working  metals.  The 
founders  and  improvers  of  it  were  considered  as  the  great- 
est benefactors  of  the  human  race ;  statues  and  temples 
were  consecrated  to  their  honour  ;  they  were  even  raised 
above  the  level  of  humanity,  and  enrolled  among  the  num- 
ber of  the  gods. 

How  long  the  word  chemistry  retained  this  new  signi- 
Ication,  it  is  impossible  to  say ;  but  in  the  third  century 
we  find  it  used  in  a  still  more  limited  sense,  signifying 
the  art  of  maiing  gold  and  silver.  The  cause  of  this  new 
limitation,  and  the  origin  of  the  opinion  that  gold  can  be 
made  by  art^  are  equally  unknown*  Chemistry,  in  this 
new  sense,  appears  to  have  been  cultivated  with  consider- 
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«ible  eagerness  by  the  Grecian  ecclesiastics,  to  have  pass- 
ed from  the  Greeks  to  the  Arabians,  and  by  the  Arabians 
to  have  been  brought  into  the  west  of  Europe.  Those 
who  professed  it  gradually  assumed  the  form  of  a  sect, 
under  the  name  of  Alchymists;  •  term  which  is  sup- The  AI- 
posed  to  be  merely  the  word  chemist ^  with  the  Arabian^  T«^t8^ 
article  al  prefixed. 

The  alchymists  laid  it  down  as  a  principle,  that  all 
metals  are  composed  of  the  same  ingredients,  or  that  the 
substances  at  least,  which  compose  gold,  exist  in  all  me- 
tals, contaminated  indeed  with  various  impurities,  but  ca- 
pable, by  a  proper  purification,  of  being  brought  to  a 
perfect  state.  The  great  object  of  their  researches  was  to 
find  out  the  means  of  producing  this  change,  and  conse- 
quently of  converting  the  baser  "metals  into  gold.  The 
substance  which  possessed  this  wonderful  property  they 
called  lapis  philosopborum^  '*  the  philosophers^ stone  ;"  and 
many  of  them  boasted  that  they  were  in  possession  of  that 
grand  instrument. 

Chemistry^  as  the  term  was  used  by  the  alchymists,  sig- Their  opi| 
nified  the  art  of  making  the  philosophers  stone.  They***^"* 
affirmed  that  this  art  was  above  the  reach  of  the  human 
capacity,  and  that  it  was  made  known  by  God  to  those 
happy  sages  only  whom  he  peculiarly  favoured.  The 
-fortunate  few  who  were  acquainted  with  the  philosophers 
stone  called  themselves  adepti^  **  adepts  j"  that  is,  i>er- 
sons  who  had  got  possession  of  the  secret.  This  secret 
they  pretended  ihey  were  not  at  liberty  to  reveal ;  affirm- 
ing, that  dire  misfortune  would  fall  upon  that  man's  head 
who  ventured  to  disclose  it  to  any  of  the  sons  of  men 
without  the  clearest  tokens  of  the  divine  authority. 

In  consequence  of  these  notions,  the  alchymists  made  it 
ft  nile  to  keep  themselves  as  private  as  possible.     They 
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concealed,  with  the  greatest  care,  their  opinions,  theic 
knowledge,  and  their  pursuits.  In  their  communications 
with  each  other,  they  adopted  a  mystical  and  metaphori«» 
cal  language,  and  employed  peculiar  figures  and  signs, 
that  their  writings  might  be  understood  by  the  adepts  on- 
ly, and  might  be  entirely  unintelligible  to  common  read- 
ers. Notwithstanding  all  these  obstacles,  a  great  number 
of  alchymistical  books  made  their  appearance  in  the  dark 
ages  ;  many  of  them  under  the  real  names  of  die  authors ; 
but  a  still  greater  number  under  feigned  titles,  or  ascribed 
to  the  celebrated  sages  of  antiquity. 

How  far  alchyroy  had  extended  among  the  ancients,  or 
whether  it  had  even  assumed  the  form  of  a  sect,  cannot  be 
ascertained.  Traces  of  it  appear  among  the  Arabians, 
who  turned  their  attention  to  literature  soon  after  the  con- 
quests  of  the  Caliphs,  and  who  communicated  to  our  bar- 
barous ancestors  the  first  seeds  of  science.  The  principal 
chemical  writers  among  the  Arabs  were  Geber  and  Avi- 
cenna  ;  and  in  their  writings,  such  of  them  at  least  as  we 
have  reason  to  consider  as  authentic,  there  appears  but  lit- 
tle of  that  mysticism  and  enigma  which  afterwards  as- 
sumed a  systematic  form. 

The  alchymists  seem  to  have  been  established  in  the 
west  of  Europe  as  early  at  least  as  the  9th  century.  Be- 
tween the  llth  and  1 5th  centuries,  alchy  my  was  in  its  most 
flourishing  state.  The  writers  who  appeared *\iuring  that 
period  were  sufficiently  numerous,  and  very  different  from 
each  otiier  both  in  their  style  and  abilities.  Some  of  their 
books  are  altogether  unintelligible,  and  bear  a  stronger 
resemblance  to  the  reveries  of  madmen,  than  to  the  sober 
investigations  of  philosophers.  Others,  if  we  make  al- 
lowance for  their  metaphorical  style,  are  written  with 
comparative  plainness,  display  considerable  acuteness^  an4 


caciusnT. 

iadicmte  a  prettj  extcnsiTC  acquaiancce  with  natera)  ob» 
jects.  The  J  often  reason  with  great  precis:o>>^  thougli 
genefaUj  from  mistaken  principles ;  £nd  it  is  frequcniljr 
easj  enough  to  see  the  accuracy  ot  their  experiments  ^hI 
even  to  trace  the  panicular  circumstance  which  led  to 
their  wroBg  ooodnsions. 

The  principal  alchjmists  who  flourished  during  tho 
dark  ages,  and  whose  names  deserve  to  be  recorder!,  eitiier 
on  aocoimt  of  their  discoveries,  or  of  the  influence  which 
their  writings  and  example  had  in  determining  the  public 
taste,  were  Albertus  Magnus,  Roger  Bacon,  Amoldus  de 
Villa  Nova,  Raymond  Lully,  and  the  two  Isaacs  of  Uol« 
land  ♦. 

The  writings  of  the  greater  number  of  Alchy mists  arOAml  wri- 
remarkable  for  nothing    but    obscurity  and   absurdity,  ^"'i^* 
They  all  boast  that  they  are  in  possession  of  the  pliiloio- 


*  Albertus  Magnus  was  a  German.  He  was  horn  In  the  year  tso^i 
and  died  in  iiSa  His  works  are  aumerous  ;  but  Uie  iiiotc  curious  of  thoni 
n  his  tract  entitled  De  Aithymitt  which  contains  fi  very  di«cincc  view  of 
Uie  state  of  chemistry  in  the  iy\\  century. 

Roger  Bacon  was  born  in  the  cuunty  of  Somerset  in  Kii}().tn(1  in  iai4t 
His  merit  is  coo  well  known  to  require  any  pnnvji^yric.  The  ((rent(*r  num- 
ber of  his  writings  are  exceedingly  uhKure  and  rvcn  my^tiral;  liui  he  ge» 
fierally  furnishes  us  with  a  key  for  their  expUiiatiou.  hunic  uf  fl  nw  c»* 
hibita  wonderfully  enlightened  mind  t^r  the  age  in  wlikli  he  wrote.  ili« 
tract  De  mlrabili  PoUitaU  AitU  ct  Nutura  wouM  hiivc  AuM  honour  til 
Lord  Bacon  himself. 

Amoldus  de  VilU  Nova  b  believed  to  liavr  l»fen  l>oni  iii  I'rfivcncr,  ■• 
bout  the  year  1140.  His  reputation  was  very  hly,h  ;  Imt  olt  0/  itu  writings 
that  I  have  examined  are  exceedingly  obscure,  itnd  oitm  u^a  Iiiti-lll|ribli; 

Raymond  Lully  was  bom  at  Barcek)na  in  J3j5  1  !i*  writings  iirc  •ftii 
more  obscure  than  those  of  Anu>ld. 

It  is  not  known  at  what  |»crio'l  the  Isaacs  oC  HotUfl4  Ufc'i  iU'M\f}\  if  U 
aofpMcd  to  have  been  in  the  ijtb  ccn^vy. 
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pliers  stotie  ;  they  all  profess  to  communicate  the  method 
of  making  it ;   hut  their  language  is   enigmatical,  that  it 
may  be  understood  by  tliose  adepts  only  who  are  favoured 
with  illumination  from  heaven.     Their  writings,  in  thote 
benighted  ages  of  ignorance^  gained  implicit  credit ;  and 
the  covetous  were  filled  wiih  ti:e  ridiculous  desire  of  en- 
riching themselves  by  means  of  the  discoveries  which 
they  pretended  to  communicate.     This  laid  the  unwary 
open  to  the  tricks  of  a  set  of  impostors,  who  went  about 
the    world,    affirming  that   they  nere   in   pqssessioa   of 
the  secret  of  the  philosophers  stone,  and  offering  to  com« 
municate  it  to  others  for  a  suitable  reward.     Thus  the/ 
contrived  to  get  possession  of  a  sum  of  money  ;  aud  af«« 
terwards  they  either  made  off  with  their  booty,  or  tired 
out  the  patience  of  their  pupils  by  intolerably  tedious,  ex- 
pensive, and  ruinous  processes.     It  was  against  these  mea 
that   Erasmus  directed  his  well-known  satire,   entitled^ 
'*  The  Alchymist."     The  tricks  of  these  impostors  gra- 
dually exasperated  mankind  against  tlie  whole  fraternity 
of  alchymists.     Books  appeared  against  them  in  all  quar* 
ters,  which  the  art  of  printing,  just  invented,  enabled  the 
authors  to  spread  with  facility  ;  the  wits  of  the  age  direct- 
ed against  them  the  shafts  of  their  ridicule  ;  men  of  sci- 
ence endeavoured  to  point  out  the  impracticability,  or  at 
least  the  infinite  difficulty  of  the  art  i  men  of  learning 
rendered  it  probable  that  it  never  had  been  understood ; 
and  men  in  authority  endeavoured   by  laws  and  punish- 
ments to  guard  their  subjects  IVoi^i  the  talons  of  alchymis- 
tical  impostors. 
Universal        Chemists  had  for  many  ages  hinted  at  the  importance 
of  discovering  a  universal  remedy,  which  should  be  capa- 
ble of  curing,  and  even  of  preventing  all  diseases  ;  and 
several  of  ihein  had  asserted  that  this  remedy  was  to  }fu 
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found  in  the  philosophers  stone,  which  not  only  conr 
verted  baser  metals  to  gold,  but  possessed  also  the 
most  sovereign  virtue,  was  capable  of  curing  all  disea- 
ses in  an  instant,  and  even  of  prolonging  life  to  an  inde«« 
finite  length,  and  of  conferring  on  the  adepts  the  gift  of 
immortality  on  earih..  This  notion  gradually  gained 
ground;  and  the  word  chemistry^  in  consequence,  at 
length  acquired  a  more  extensive  signification,  and  im- 
plied net  only  the  art  of  making  gold,  but  the  art  also 
oi preparing  the  universal  medicine  *. 

Just  about  the  time  that  .the  first  of  these  branches 
was  sinking  into  discredit,  the  secpnd,  and  with  it  the 
study  of  diemistry,  acquired  an  unparalleled  degree  of 
celebrity,  and  attracted  the  attention  of  all  Europe. 
This  was  owing  to  the  appearance  of  Thcophrastus 
Paracelsus.  This  extraordinary  man,  who  was  born 
io  1493,  near  Zurich  in  Switzerland,  was,  in  the  34th 
year  of  his  age,  after  a  number  of  whimsical  adven- 
tures, which  had  raised  his  reputation  to  a  great  height, 
appointed  by  the  magistrate^  of  Basil  to  deliver  lectures 
in  their  city ;  and  thus  was  the  first  public  Professor  of 
chemistry  in  Europe.  In  two  years  he  quarrelled  with 
the  magistrates,  and  left  the  city  ;  and  after  running 
through  a  complete  career  of  absurdity  and  debauchery, 
died  at  Salzburg  in  the  41th  year  of  his  age. 

The  character  of  this  extraordinary  man  is  univer- 
faHlj  known.     That  he  was  an  impostor,  and  boasted 


*  The  first  man  who  formally  applied  cheniiicry  to  medicine  was 

Btul  Valentine,  who  is  said  to  have  been  born  in  13941  and  to  have  been 

«  Benedictine  Monk  at  Eiford  in  Germany.    His  Cwwus  irhmphal'u  Amm 

Hmomii  is  the  most  famous  of  his  treatises.    In  it  he  cdebratdl  the  vtrtiiqi 

#£  sotimfloial  ipediclDCff  of  which  he  ww  the  onginal  diKOferer. 
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of  secrets  which  he  didjiot  possess,  cannot  be  denied  ; 
that  he  stole  many  opinions,  and  even  facts,  from 
others,  is  equally  true :  his  arrogance  was  unsupporu 
able,  his  bombast  ridiculous,  and  his  whole  life  a  coo* 
tinued  tissue  of  blunders  and  vice.  At  the  same  time^ 
it  must  be  acknowledged  that  his  talents  were  great, 
and  that  his  labours  were  not  entirely  useless.  He  con- 
tributed not.  a  little  to  dethrone  Galen  and  Avicenna, 
who  at  that  time  ruled  over  medicine  with  absolute 
power  ;  and  to  restore  Hippocrates  and  the  patient  ob* 
servers  of  Nature  to  that  chair,  from  which  they  ought 
never  to  have  risen.  He  certainly  gave  chemistrjr  aa 
eclat  which  it  did  not  before  possess  9.and  this  must  have 
induced  many  of  those  laborious  men,  who  succeeded 
him,  to  turn  their  attention  to  the  science.  Nor  ought 
we  to  forget  that,  by  carrying  his  speculations  con* 
cerning  the  philosophers  stone,  and  the  universal  medi* 
cine,  to  the  greatest  height  of  absurdity,  and  by  exem* 
plifying  their  emptiness  and  uselessness  in  his  own  per* 
son,  he  undoubtedly  contributed  more  than  any  maa 
to  their  disgrace  and  subsequent  banishment  from  the 
science. 

Van  Helmont,  who  was  born  in  1577,  may  be  con- 
sidered  as  the  last  of  the  alchymists.  His  death  com* 
pleted  the  disgrace  of  the  universal  medicine.  Hit 
contemporaries,  and  those  who  immediately  succeeded 
him,  if  we  except  Crollius  and  a  few  other  blind  admi» 
rers  of  Paracelsus,  attended  solely  to  the  improvement 
of  chemistry.  The  chief  of  them  were  Agricola,  Be» 
guin,  Glaser,  Erkem,  Glauber,  Kunckel,  Boyle,  &c. 
Origin  of         The  foundations  of  the  alchymistical  system  being 

chemistry     ^j^^^  shaken,  the  facts  which  had  been  collected  soon 
asaKicnce.  '  ,  ^  ^ 

became  a  heap  of  rubbish,  and  chemistry  was  left  with« 
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out  any  fixed  principles,  and  destitute  of  an  object.  Ifc 
ivas  then  that  a  man  arose  thorouglj  acquainted  with 
the  whole  of  these  facts,  capable  of  arranging  them^ 
and  of  perceiving  the  important  purposes  to  which  they 
might  be  applied,  and  able  to  point  out  the  proper  ob- 
jects to  which  the  researches  of  chemists  ought  to.be 
directed.  This  man  was  Becchek.  He  accomplished 
the  arduous  task  in  his  work  entitled  Pbysica  Subter" 
ranea,  published  at  Francfort  in  1669.  The  publica- 
tion of  this  book  forms  a  very  important  era  in  the  his- 
tory of  chemistry.  It  then  escaped  for  ever  from  the 
tranunds  of  alchymy,  and  became  the  rudiments  of  the 
science  which  we  find  it  at  present. 

£nvest  Stahl,  the  editor  of  the  Pbysica  Subterranean 
adopted^  soon  after  Beccher's  death,  the  theory  of  his 
ipaster  \  but  he  simplified  and  improved  it  so  much, 
that  he  made  it  entirely  his  own  ;  and  accordingly  it 
has  been  always  distinguished  by  the  name  of  the 
Stahlian  Theory. 

Ever  since  the  days  of  Stahl,  chemistry  has  been  cul-  luprogreu, 
tivated  with  ardour  in  Germany  and  the  North ;  and 
the  illustrious  philosophers  of  these  countries  liave  con- 
tributed highly  towards  its  progress  and  its  rapid  im- 
provement. The  most  deservedly  celebrated  of  these 
are  Margraf,  Bergman,  Scheele,  Klaproth,  &cc. 

In  France,  soon  after  the  establishment  of  the  Aca- 
demy of  Sciences  in  1666,  Homberg,  GeoflVoy,  and 
Lcmery,  acquired  celebrity  by  their  chemical  experi- 
ments and  discoveries ;  and  after  the  new*modelling  of 
the  Academy,  chemistry  became  the  peculiar  object  o| 
a  part  of  that  illustrious  body.  Rouelle,  who  was  made 
Professor  of  chemistry  in  Paris  about  the  year  1745, 
contrived  to  infuse  his  own  enthusiasm  into  the  whole  j 
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,%ody  of  the  French  literarj  men  ;  and  from  that  mo« 
dient  chemistry  became  the  fashionable  study.  Men 
of  eminence  appeared  everywhere,  discoveries  multi- 
plied,  the  spirit  pervaded  the  whole  nation,  extended 
itself  over  Italy,  and  appeared  even  in  Spain. 

'After  the  death  of  Boyle  and  of  some  other  of  the  ear- 
lier members  of  the  Royal  Society,  little  attention  was 
paid  to  chemistry  in  Britain  except  by  a  few  indivi« 
duals.  The  spirit  which  Newton  had  infused  for  the 
mathematical  sciences  was  so  great,  that  for  many 
years  they  drew  within  their  vortex  almost  every  man 
of  eminence  in  Britain.  But  when  Dr  Cullen  became 
Professor  of  Chemistry  in  Edinburgh  in  1156,  he  kin- 
dled a  flame  of  enthusiasm  among  the  students,  which 
was  soon  spread  far  and  wide  by  the  subsequent  disco- 
veries of  Black,  Cavendish,  nd  Priestley ;  and  meet- 
ing with  the  kindred  fires  wh-^h  were  already  burn- 
ing in  France,  Germany,  Sweden,  and  Italy,  the  sci- 
ence of  chemistry  burst  forth  at  once  with  unexampled 
lustre.  Hence  the  rapid  progress  which  it  has  made 
during  the  last  fifty  years,  the  universal  attention  which 
it  has  excited,  and  the  unexpected  light  which  it  has 
thrown  on  several  of  the  most  important  arts  and  ma- 
nufactures. 
And  pre-  The   object  of  this  Woik  is  to  exhibit   as   com- 

»eiit  state.         ,  .  »%  t        r    %  r     % 

plete  a  view  as  possible  of  the  present  state  of  che- 
mistry ;  and  to  trace,  at  the  same  time,  its  gradual 
progress  from  its  first  rude  dawnings  as  a  science,  to  the 
^  improved  state  which  it  has  now  attained.  By  thus 
blending  the  history  with  the  science,  the  facts  will  be 
more  easily  remembered,  as  well  as  better  understood  ; 
and  we  shall  at  the  same  time  pay  that  tribute  of  re. 
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spect^  to  which  the  illustrious  improvers  of  it  are  justly 
intitled. 

A  complete  account  of  the  present  state  of  chemistry 
must  include  not  merely  a  detail  of  the  science  of  che- 
mistry strictly  so  called,  but 'likewise  the  application 
of  that  science  to  substances  as  they  exist  in  nature, 
constituting  the  mineral,  vegetable,  and  animal  king- 
doms. This  Work,  therefore,  will  be  divided  into  two 
Farts.  The  first  will  comprehend  the  science  of 
CHEMISTRT,  properly  so  called ;  the  second  will  con- 
sist of  A  CHEMIGAL  EXAMINATION  OF  NATURE. 


PART  FIRST. 


PRINCIPLES 


OF 


C  HEMISTR  Y, 


1  H£  object  of  chemistry  is,  to  ascertain  the  ingre-   Object  of 
dients  of  which  bodies  are  composed  ;  to  examine  the   ^  ^^^^7 
compounds  formed  by  the  combination  of  these  ingre- 
dients;  and  to  investigate  the  nature  of  the  power 
which  occasions  these  combinations. 

The  science  therefore  naturally  divides  itself  i  into 
three  parts :  1  •  A  description  of  the  component  parts  of 
bodies,  or  of  simpk  substances  as  they  are  called.  2.  A 
description  of  the  compound  bodies  formed  by  the  union 
of  simple  substances.  3.  An  account  of  the  nature  of 
the  power  which  occasions  these  combinations.  This 
power  is  known  in  chemistry  by  the  name  of  affikitt* 
These  three  particulars  will  form  the  subject  of  the 
Ihree  following  Books. 


BOOK.    I. 


OF 


si:mpi.e  substances, 


.  ^^  '  By  simple  substances  is  not  meant  what  tie  ancient 
philosophers  called  elements  of  bodies,  or  particles  of 
matter  incapable   of  fa^-tlier  diminution   or    division. 

Dcfioitioo.  They  signify  merely  bodies  which  have  not  been  de- 
compoundedy  and  which  no  phenomenon  hitherto  ob- 
served indicate  to  be  compoundau  *  Very  possibly  the 
bodies  which  we  reckon  simple  may  be  real  compounds  j 
but  till  this  has  actually  beenproVed,  we  have  no  right 
to  suppose  it.  Were  we  acquainted  with  all  the  ^le« 
ments  of  bodies^  and  with  all  the  combinations  of  which 
these  elements  are  capable,  the  science  of  chemistry 
would  be  as  perfect  as  possible  ;  but  at  present  this  is 
vtrj  far  from  being  the  <*a^*e. 

fiirlaibii.  "^^^  sifj&ple  substances  at  present  known  amount  to 

about  48/ «hd  naturally  divide  themselves  into  two 
classes.'  The  bodies  belonging  to  the  first  class  can 
^'Plf  confined  in  proper  vessels,  and  of  course  exhibited 
in  a  separate  state.  Those  which  belong  to  the  second 
class  are  of  two  subtile  a  nature  to  be  confined  by  any  of 
the  vessels  which  we  possess.  They  cannot,  therefore, 
be  exhibited  in  a  separate  state  ;  and  their  existence  l$r 


inferred  merely  from  certain  phenomena  vrliich  tlie  first 
■Clsss  oC1>6dies  and  their  compounds  exhibit  In  particu- 
lar cinnim stances.  Hence  it  is  obviously  necessary  to 
be  acquftintcd  with  ()ie  piopettivs  of  the  first  set  of  bo- 
din  before  we  can  investigate  the  second.  It  will  be 
exceedingly  convenient  to  consider  these  two  classes  se- 
parately. And  for  want  of  better  teinis  we  shall  distin- 
guish the  first  set  by  the  title  of  confinabk  bodies,  the  se- 
cond 'Sy  that  of  Vttconfinabli  hodia  '. 


•  Anipolo^  may  be  detmeclBeccHaty  for  ihcic  two  wQidi 
luvc  DOl  been  hiihcno  ukiI  by  any  Biiliili  writer.    1  cmplof  them,  ^^ 
Cauie  llm  itquaiMcd  with  no  Engliih  word  l)ut  eipilUei'ihe  id<a_  | 
uluch  1  wiih  [a  cimvcy  i  iianely,  thar  wc  are  able  tn  conGtiF  the  firlt  M 
of  boilici  ID  TCticli.  but  thai  the  second  onnot  be  cDnlineii  in  a 
tei.    All  the  icrnu  ihat  h>ic  been  hiilictio  employed  (o  ch^r 
(hcK  two  (ctt  of  bodict  convey  some  hypothcsia  or  other,  mhich  io  a 
work  of  ihii  kind  it  U  necceury  at  much  it  poaiibU  to  sioiJ. 
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DIVISION  I. 


,to» 


CONFINABLE  BODIES. 


X  HE  coofipsible  bodies,  amounting  at  present  to  40, 
may  be  arranged  under  the  followiog  heads : 

1.  Simple  supporters  of  combustion, 

2.  Simple  combustibles, 
3*  Simple  incombustibles, 
4.  Metals. 

These  classes  df  bodies  shall  be  treated  of  in  their  order 
in  the  four  following  Chapters. 


nv^TOKrtks  of  coMBUSTioiir;  It 


CHAP.  I. 


OF  SIMPLE  SUPPORTERS  OF  COMBUSTION. 


■i 


X  HE  term  sttffporier  of  combustion  I  applj  to  thoie  DcfiDitioSk 
subtttfeoes  which  must  be  present  before  combustible 
1>odies  will  bum.  Thus  a  candle  will  not  bum  unlMt 
it  be  supplied  with  a  sufficient  quantity  of  common  air* 
Cotnmon  mr^  then,  is  a  supporter  of  combustion.  But 
we  are  acqnamted  with  sevend  Other  substances  besides 
CGiknmoii  air,  ^hich  answer  the  same  purpose,  and  the 
term  ntppmier  is  applied  to  them  all.  Bj  simple  sup* 
porters  we  understand  such  of  those  bodies  as  have  noi 
hitherto  been  decompounded* 

One  simple  supporter  only  is  at  present  known^  name« 
ly,  OXTOEK ;  80  that  the  first  of  our  classes  includes 
under  it  only  one  subitance ;  but  a  substaooe  which  acta 
so  important  a  part  in  the  phenomena  of  chemistry^ 
that  it  is  proper  to  become  acquainted  with  it  as  early 
as  possible*  It  will  form  the  subject  of  the  following 
Scctioot 
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SECT.   L 


OF    OXYGEN. 


Oxygen   may  be    obtained   by  the  following  pro- 


Method  of 

procuring 

oxygen. 


cess 


Procure  an  iron  bottle  of  the  shape  A  (flg.  !•),  and  | 
capable  of  holding  rather  more  than  an  English  pint 
To  the  mouth  of  this  bottle  an  iron  tube  bent  like  B 
(fig.  2.)  is  to  be  fitted  by  grinding.     A  gun  barrel  dc» 
pfived  of  its  butt- end  answers  4he  purpose  very  well. 
Into  the  bottle  put  any  quantity  of  the  black  oxide  of 
manganese  *  in   powder ;    fix  the  iron  tube  into'  its 
mouthy  and  the  joining  cftust  be  air-tight ;  then  put  the 
bottle  into  a  common  fire,  and  surround  it  on  til  sides 
with  burning  coals.     The  extremity  of  the  tube  inust 
be  plunged  under  the  surface  of  the  water  with  which 
the  vessel  C  (fig.  3.)  is  filled.     This  vessel  may  be  of 
wood  or  of  japanned  tin-plate.     It  has  a  wooden  shelf 
running  along  two  of  its  sides,  about  three  inches  be« 
low  the  top,  and  an  inch  under  the  surface  of  the  wa- 
ter.    In  one  part  of  this  shelf  there  is  a  slit^  into  which 
the  extremity  of  the  iron  tube  plonges.      The  beat 
of  the  fire  expels  the  greatest  part  of  the  air  contained 
in  the  bottle.    It  may  be  perceived  bubbling  up  through 


*  Thii  substance  »haU  be  afterwards  described  It  is  now  very  wcH 
known  in  Britain,  as  it  is  in  common  use  with  bleachers  and  several  other 
fMi)ufactttrers,.from  whom  it  may  be  easily  procured. 


the  water  of  the  vessel  C  from  the  extremiljr  oF  the  iron 
tube.  At  first  the  air  bubbles  come  over  in  torrenis ; 
but  after  having  continued  for  some  lime  they  cease  al. 
together.  Meanwhile  the  botlle  is  becoming  gradually 
botler.  When  it  is  obscurely  red  ihe  air-bubbles  make 
their  appearance  again,  and  become  more  abundant  as 
the  heat  increases.  This  is  the  signal  for  placing  the 
glass  jai  D,  open  at  the  lower  extremity,  previously  fill- 
ed with  water,  so  as  to  he  exactly  over  the  open  end  of 
Ihe  gun-barrel.  The  air  bubbles  ascenfl  to  the  top  of 
the  glass  jar  D,  and  gradually  displace  all  the  water. 
The  glass  jar  D  then  appears  to  be  empty,  but  is  in 
fact  filled  with  air.  h  may  be  removed  in  the  follow- 
ing manner:  Slide  it  away  a  little  from  the  gun- 
barrel,  and  then  dipping  any  flat  dish  into  the  water  be- 
low it,  raise  it  on  the  dish,  and  bear  it  away.  The«lish 
must  be  allowed  to  retain  a  quantity  of  water  in  it,  to 
prcveut  the  air  from  escaping  (see  fig.  4-)  Another  jar 
may  then  be  filled  with  air  in  the  same  manner  ;  and 
this  process  may  be  continued  cither  till  the  manganese 
ceases  to  give  out  air,  or  till  as  many  jarfuh  have  been 
obtained  u  are  requited  *.  This  method  of  obtaining 
and  contlning  air  was  first  invented  by  Dr  Mayow,  and 
afterwards  much  improved  by  Dr  Hales.  All  the  airs 
obtained  by  this  or  any  other  process,  or,  to  speak  more 
properly,  all  the  ^rs  differing  in  their  properties  from 
air  of  the  atmosphere,  have,  in  order  to  distinguish 


i 


"  For  a  more  csact  detrription  of  thii  ind  simllw  »f  pintn',  the 
nder  ii  rcTertcd  lo  l.aioiiicr'i  Elimt'ti  0/  Chim'iiry,  and  Vt^vXtj  A 
iln.  vai  aliine  all  to  Mr  Wati'j  ilctcfiplion  of  a  fun^nU  affaiiOai, 
n  BeJJoci'  C=n,lJ:rjiUt,  =1  F«:lil'a«i  Air: 
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SUPPO^TEHS  OF  COMBUSTIOK. 

them  from  it,  been  cMed  gases  i  and  this  name  we  shall 
afterwards  em^oy  *. 

Oxygen  gas  may  be  obtained  likewise  by  the  follow- 
ing process : 

D  (in  fig.  5«)  represents  a  wooden  trough^  the  iottde 
of  which  is  lined  with  lead  or  tinned  copper.  C  is 
the  cavity  of  the  trough,  which  ought  to  be  a  foot 
deep.  It  is  to  be  filled  with  water  at  least  an  inch 
above  the  shelf  AB,  which  runs  along  the  inside  of  it, 
about  three  inches  from  the  top.  In  the  body  of 
the  trough,  whiph  may  be  called  the  cistern,  the  jars 
destined  to  hold  gas  are  to  be  filled  with  water,  and 
then  to  be  lifted  and  placed  inverted  upon  the  ahdf 
at  By  This  trough,  which  was  invented  by  Dr 
Priestley,  has  been  called  by  the  French  chemists  the 
ptttumatico-cbemical,  or  simply  pncurnatic  apparatu^and 
is  extremely  useful  in  all  experiments  in  wjiich 
gases  are  concerned.  Into  the  glass  vessel  £  put  a 
quantity  of  the  black  oxide  of  manganese  in  powder^ 
and  pour  over  it  as  much  of  that  liquid  which  in 
commerce  is  called  oil  of  vitriol^  and  in  chemistry  sul^ 
fburic  acidp  as  is  sufficient  to  form  the  whole  into  a 
thin  paste.     Then  insert  into  the  mouth  of  the  vessel 


^  The  word  las  was  first  introduced  into  chemhtry  by  Van  Hefanom : 
He  secins  to  have  intended  to  denote  hy  it  every  thing  which  it  driven 
off  from  bodies  in  the  state  of  vapour  by  heat.  He  divida  gata  into  five 
classes.  "  Nesdvity'inquam,  schola  Galenica  hactenus  diffcrenti^m  inter 
gat  ventosum  (quod  mere  aer  est,  id  est,  venfus  per  syderum  bias  oooi- 
motus),  gas  piqgue,  gas  siccnm,  quod  suUimatum  dicitur,  gas  fuligino- 
turn,  sive  eudimicum,  et  gas  sylvestre,  sive  incoercibile,  quod  in  corpiw 
cogi  non  potest  visibilc.**  Fan-Htlmotd de  Flutibus,  }  4.  Macquer  seenit 
to  have  introdaccd  the  word  into  the  Ungaagc  of  modern  choBbiry. 


the  glut  tube  F,  so  closely  that  no  air  can  escape  except  , 
Ihrough  the  tube.  This  may  be  doae  either  by  grind- 
ing, or  by  covering  the  joining  with  a  little  glazier's 
puity,  aod  then  laying  over  it  slips  of  bladder  or  linen 
clipped  in  glue  or  in  a  mixtore  of  ihe  white  of  eggs  and 
quicklime.  The  whole  must  be  made  fast  with  cord*> 
The  end  of  Ihe  tube  F  is  then  to  be  plunged  into  the 
pneumatic  apparatus  D,  and  the  jar  G,  previously  filled 
with  water,  lobe  placed  over  it  on  the  shelf.  The 
whole  apparatus  being  £xed  in  that  simation,  the  glass 
ves»el|E  15  to  be  healed  by  means  of  a  lamp  or  a  candle. 
A  quantity  of  osygen  gas  rushes  along  the  tube  F,  and 
fills  the  jar  G.  As  soon  as  the  jar  is  filled,  it  may  be 
slid  to  another  part  of  the  shelf,  and  other  jars  substi- 
tuted in  its  place,  lill  as  much  gas  has  been  obtained  as 
is  wanted.  The  last  of  these  methods  of  obtaining 
oxygen  gas  was  discovered  by  Scheclef,  the  first  by 
flr  PiiesUeyt. 


^^'B  Thii  priKcx,  by  which  (he  joinLng!  of  vcfulisre  made  air-dgtititi 
ddetl'ii'i'finldihccuhsidncciUKiJforthat  purpnuarrcillcil/ui'i.  Tlie 
hie  moil  uontDucFy  tj«ed  by  diemiilt.  when  ihe  vtatU  ire  cipovd  to 
bcu,  H  £m  hte,  maiir  by  beating  io(^cUier  in  a  moitir  tine  cU;  and  boil- 
ed linced  DiJ.  Bcti  wai,  inckcd  with  about  mc-cighih  pan  ol  inipciw 
lilie,Uiiwat  very  will, when  llie  viiuli  arc  nnt  opuKi!  toheit.  The 
KCViacT  of  chemical  eipcrimcnu  dcpcndt  ilmoit  cntirri)'  in  many  caKi 
«f«a  MOlriog  ibe  joininp  propctif  with  luting.  Tlie  operation  ii  a). 
fnya  (cdiou>  i  and  tone  practice  i*  ncceuary  before  one  can  lucceed  in 
Jdlillg  McnraKtr-  Some  »efy  good  direvtiom  ate  gi*rn  by  l.svoiiier. 
Scehia  E/oHKfi,  fart  iiL  chap.  7.  In  many  cueitutm^  may  be  .i  voided 
alMtgcther  by  uunggliia-vciuliptopcrly  fittcJ  to  Mih  othci  by  grinding 
dion  with  emery. 

fOn  ^w-w/firr,  p.43.  ErgLTraiu. 
ifneHkj  n  Jir.iu  ISA' 
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Discovered 
by  PriestJey 
and  Scheclc. 


Properties 
of  oxygen. 


Supports 
flame 


Bo^kl;  Thefms  which  we  have  obtained  hy  the  above  pro« 

cesses  wlis  discovered  bj  Dr  Priestley  x>n  the  1st  of 
August  1174y  and  called  by  him  depbkgisticated  air* 
Mr  Scheele  of  Sweden  discovered  it  before  1777,  without 
any  previous  knowledge  of  what  Dr  Priestley  had  done: 
he  gave  it  the  natne  of  empyreal  air*  *  Condorcet  gave 
it  first  the  name  of  vital  air  ;  and  Mr  Lavoisier  afiter- 
%vards  called  it  oxygen  gas  ;'  a  name  which  is  now  ge- 
nerally received^  and  which  we  shall  adopt,   f 

1.  Oxygen  gas  is  colourless,  and  invisible  like  com^ 
mon  air.  Like  if,  too,  it  is  elastic,  and  capable  6i  inde* 
finite  expansion  and  compression. 

2«  If  a  lighted  taper  be  let  dcwn  into  ^  phial  filled 
with  oxygen  gas,  it  bums  with  such  splendour  that. the 
eye  can  scarcely  bear  the  glare  of  light,  and  at.the  same 
time  prbduccsa  much  greater  heat  than  when  burning 
in  common  air.  It  is  well  known  that  a  can41e  put  in^ 
to  a  well-closed  jar  filled  with  common  air  is  tittiagoiah- 
-  ed  in  a  few  seconds.  This  is  the  case  also  with  a  candle 
inclosed  in  oxygen  gas;  but  it  bums  much  longer  in  an 
equal  quantity  of  that  gas  than  of  common  air.» 
AndJifc.  -  •  I^  was  proved   long  ago  by  Boyle,  that  animals 

cannot  live  without  nir,  and  by  Mayow  that  they  can- 
not brtathe  the  same  air  for  any  Icnijth  of  time  without 
suflbcation.  Dr  Priestley  aiul  several  other  philoso- 
phers have  shown  us,  that  animuls  live  mucli  longer  in 
the  same  quantity  of  oxygen  gas  than  of.  common  air. 
Count  Morozzo  placed  a  number  of  sparrows,  one  af- 
ter another,  in  a  glass  bell  filled  with  common  air,  and 
inverted  over  water. 


*'  '^Vlicflc  Qn  Air  mJ  Fire,  p.  34,  Engl.  Trar.n. 


4 

CXTCEV.  25 

Cli».L 

H.    M.  <■     ^       I 

llie  first  sparrow  lived 3  '  o 

The  second 0     3 

The  third 0     1 

He  filled  the  same  glass  with  ozjgen  gas,  and  repeat* 
ed  the  experiment. 

H.   10. 

The  first  sparrow  lived 5   23 

The  second   » ••••# 2   10 

The  third 1    30 

The  fourth. 1    10 

The  fifth 0   30 

The  sixth  • 0   47 

The  seventh 0   27 

Theeighth 0   30 

The  Jiiiith 0   22 

The  tenth 0   21 

» 

He  then  put  in  two  together  ;  the  one  died  in  20  nu« 

antes,  but  the  other  lived  an  hour  longer. 

4.  It  has  bfen  ascertained  by  cxperinentSy  which  Etiitsm 
aha)!  be  afterwards  related,  that  atmospherical  air  con-  li^^^f***" 
tains  21  parts  in  the  hundred  (in  bulk)  of  oxygen  gas; 

and  that  no  substance  will  burn  in  common  air  previ- 
ously deprived  of  all  the  oxygen  gas  which  it  contains. 
But  combustibles  burn  with  great  splendour  in  oxygen 
gas,  or  in  other  gases  to  which  oxygen  gas  has  been 
added.  Oxygen  gas,  then,  is  absolutely  necessary  for 
combustion. 

5.  It  has  been  proved  also,  by  many  experiments^ 
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BockkT. 


Itsipccific 
gnnrity. 


that  no  breathing  animal  can  live  for  a  moment  in  anjr 
air  or  gas  which  does  not  contain  oxygen  mixed  with 
it.  Oxygen  gas,  then,  is  absolutely  neccasary  for  re« 
spiration. 

6.  When  substances  are  burnt  in  oxygen  gasi  or  in 
any  other  gas  containing  oxygen,  if  the  air  be  examined 
ftfter  the  combustion,  we  shall  find  that  a  great  part  <^ 
the  oxygen  has  disappeared.  If  charcoal,  for  instancv, 
be  burnt  in  oxygen  gas,  there  will  be  found,  instead  of 
part  of  the  oxygen,  another  very  different  gas,  knowa 
by  the  name  of  carbonic  acid  gas.  Exactly  the  aame 
thing  takes  place  when  air  is  respired  by  animals ;  pan 
of  the  oxygen  gas  disappears,  and  its  place  is  occapied 
by  substances  possessed  of  very  different  properciea. 
Oxygen  gas  then  undergoes  some  change  during  coow 
bustion,  as  well  as  the  bodies  which  have  been  burnt*; 
and  the  same  observation  applies  also  to  respiratiod. 

7.  Oxygen  gas  is  somewhat  heavier  than  common 
air.  '  If  the  specific  gravity  of  common  air  be  reckon^ 
ed  1*000,  that  of  oxygen  gas,  as  determined -by  Mr 
Kirwan,  is  1*103*.  With  this  result  the  statement  of 
Lav  osier  t  agrees  exactly.  But  Mr  Davy  found  it  it 
little  heavier  ;  and  Fonrcroy,  Vauquelin,  and  SegfdB^ 
found  it  a  little  lighter.  Its  specific  gravity,  accdrd-' 
ing  to  Mr  Davy's  experiments,  is  1*127$;  accordiii|[ 


.■* 


•  Om  Hhguhti,  p.  2S. 

f  ElemtntSf  AppouUz.   See  also  Kirwafl  m  phUgiiim^  p.  37.^MkiM4- 

soD*»  tiantlacion 

X  Davy*f  Resmrehery  p.  8.  Mr  DaTj^s  oxygefi  gas  was  pi^cured  from 
oxide  of  manganese.  It  is  possible  tiiat  it  contained  a  little  carhomc  mU 
gas.  The  tt||^  used  would  not  have  excluded  that  body.  This  wovid 
cxjhin  itt  gttater  ipcdk  gnviity,  : 


Ht  the  French  chemists,  i-o8l'.  At  the  temperature 
of  60',  aitd  when  the  barometer  stands  at  30  inches, 
100  cubic  inches  of  common  air  weigh  very  nearly  31 
gnuns+.  100  inches  of  oxygen  gas,  at  the  same  lem- 
pecsmre  and  pressure,  weigh,  according  to  Kirwan  and 
I^voisier,  S4  grains ;  according  to  Mr  Davy,  34'14 
grains  ;  «nd  according  to  Fourcroy,  Vauqiielin,  and  Se> 
guin,  33*69  grains. 

8.  Oxygen  gas  is  not  itnsibly  absorbed  by  water,  < 
tboagb  jarfuls  of  it  be  left  in  contact  with  that  liquid.  < 
It  has  been  ascertained,  however,  that  water  does  in 
reality  absorb  a  small  portion  of  it,  [hough  not  enough 
^  Co  occasion  any  perceptible  diminution  in  the  bulk  of 
tbe  gas.  When  water  is  freed  from  all  air  by  boiling, 
and  the  action  of  the  air  pump,  Dr  Henry  ascertained, 
that  100  cubic  inches  of  it  will  imbibe  3-55  inches  o£ 
oxygen  gas  J.  By  forcing  oxygen  gas  into  a  bottle 
of  water  by  means  of  strong  pressure,  the  water  may  be 
made  to  absorb  about  half  its  bulk  of  that  gas,  and  to 
retain  it  in  solution.  This  experiment  was  first  made 
by  Mr  Paul,  a  cclebraied  preparer  of  mineral  waters, 
now  se[[led  in  London.  Water  thus  impregnated  does 
not  sensibly  differ  from  common  water  either  in  taste 
or  smell,  yet  it  has  been  found  a  valuable  remedy  in 
several  diseases^. 


•  Am*,  it  Cb'-m.ix.  n. 
\  Sir  Jshn  Sbuckburgh  Eveljii,  ■ 
^a3■ 


^uoied  bj  Klrwan  ki  fti^giittf. 


J«i/.r™..ite3,p.i74. 
f  Bte  Dr  Odiu'i  obieryitlont  on  il  in  Uie  Sth  and  iMh  voli  of  tho 
£iilitiirij*t  BrHiimifiit ,  and  (he  Appendix  to  Mr  Paul't  little  poblic»». 
'       m  tut  ^nj^Jtt  MJniral  WaUrt. 
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jiwIcL  9,  Oxjrgen  is  capable  of  combining  with  a  great  nam* 
« — ,f^^  ber  of  bodies,  and  of  forming  componndl.  As  the  ooin* 
^^^  ^'  bination  of  substances  with  each  other  is  of  the  utmost 
importance  in  chemistry,  before  wc  proceed  further  it 
will  be  proper  to  explain  it.  When  common  sak  is 
thrown  into  a  vessel  of  pure  water,  it  meks,  and  very 
soon  spreads  itself  through  the  whole  of  the  liquid^  as 
any  one  may  convince  himself  by  the  taste.  In  this 
case  the  salt  is  combined  with  the  water,  and  cannot 
a&erwards  be  separated  by  filtration,ror  any  other  me* 
thod  merely  mechanical.  U  ttUiy»  however,  by  a  very 
simple  process:  Pour  into  the  solution  a  quantity  of 
spirit  of  wine,  and  the  salt  fills  slowly  to  thp  bottom  in 
the  state  of  a  very  fine  powder.' 

Why  does  the  salt  dissolve  in  water  ?  and  why  doea 
it  fall  to  the  bottom  on  pouring  in  spirit  of  wine  ? 
These  questions  were  first  answered  by  Sir  Isaac  New- 
ton. There  is  a  certain  attraction  between  the  partidea 
of  common  salt  and  those  of  water,  which  causes  them 
to  unite  together  whenever  they  are  presented  to  one 
another*  There  is  an  attraction  also  between  the  par- 
ticles of  water  and  of  spirit  of  wine,  which  equally  dis* 
poses  them  to  unite,  and  this  attraction  is  greater  than 
that  between  the  water  and  salt ;  the  water  therefore 
leaves  the  salt  to  unite  uith  the  spirit  of  wine,  and 
the  salty  being  now  unsupported,  falls  to  the  ground  by 
its  gravity.  This  power,  which  disposes  the  particles 
of  diiFerent  bodies  to  unite,  was  called  by  Newton  at'* 
traction,  by  Bergman  elective  attraction^  and  by  many 
of  the  German  and  French   chemists  affinity  *  ^   and 


*  The  word  mffiniiif  seems  first  to  have  been  introduced  into  science 
hy  Dr  Hookr.    See  his  Microgra^b'.a. 


this  last  term  is  now  employed  in  preference,  because  ,  Chj^t. 
the  other  two  are  rather  general*  All  substances  which 
are  capable  of  combining  together  are  said  to  have  an 
affinity  for  each  other :  those  substances,  on  the  con- 
trary^ which  do  not  unite^  are  said  to  have  no  affinity 
for  each  other.  Thus  it  is  said  that  there  is  no  affinity 
between  water  and  oil.  It  appears  from  the  instance 
of  the  common  salt  and  spirit  of  wine,  that  substances 
differ  in  the  degree  of  their  affinity  for  other  substan* 
ces,  since  the  spirit  of  wine  displaced  the  salt  and  uni- 
ted with  the  water*  Spirit  of  wine  therefore  has  a 
stronger  affinity  for  water  than  common  salt  has. 

In  17199/Geoffroi  invented  a  method  of  representing 
the  di&rent  degrees  of  affinities  in  tables,  which  be 
icalled  tablis  ofaffimty.  His  method  consisted  in  pla- 
cing  the  substance  whose  affinities  were  to  be  ascer* 
tained  at  the  top  of  a  column,  and  the  substances  *with 
which  it  united  below  it,  each  in  the  order  of  its  affini- 
ty ;  the  substance  which  had  the  strongest  affinity  next 
ir,  and  that  which  had  the  weakest  farthest  distant,  and 
so  of  the  rest.  According  to  this  method,  the  affinity 
of  water  for  spirit  of  wine  and  common  salt  would  be 
marked  as  follows : 

Water. 


Spirit  of  wine 
Common  salt. 


Tliis  method  was  universally  adopted,  and  has  contri- 
buted very  much  to  the  rapid  progress  of  chemistry. 

We  shall  see  as  we  proceed  the  order  which  sub* 
stances  follow  in  their  affinity  for  oxygen. 


so  SIMPLE  COMlVmiLEf. 


CHAP.  IL 


OF  SIMPLE  COMBUSTIBLES. 


Bt  combustibles  I  mean  substances  capable  of  combns* 
tion ;  and  by  simpk  combustibles,  bodies  of  that  nature 
which  have  not  hitherto  been  decompounded.  These 
Nnmbn;  bodies  are  only  four  in  number  ;  namely,  Htorogen^ 
Garbok,  Phosphorus,  and  Sulphur.  The  metals 
might  indeed  be  classed  among  combustible  bodies  ; 
but  the  greater  number  of  their  properties  are  so  differ- 
ent from  those  of  the  four  bodies  just  mentioned,  that  it 
is  proper  to  consider  them  by  themselves  as  a  distinct 
class  of  bodies.  All  our  classifications  are  in  fact  arti- 
ficial ;  Nature  does  not  know  them,  and  will  not  sub- 
mit to  them.  They  are  useful,  however,  as  they  ena- 
ble us  to  learn  a  science  sooner,  and  to  remember  it  bet- 
ter ;  but  if  we  mean  to  derive  these  advantages'  from 
them,  we  must  renounce  a  rigid  adherence  to  arbitrary' 
definitions,  which  Nature  disclaims. 


fiTDROGEN. 


T. 


SECT.  I. 


OF    HTDRO  GEN. 


rXTDROGCK,  the  first  of  the  simple  combustibles^  maj 
be  procured  hy  the  following  process. 

Into  a  retort  biivtng  an  opening  at  A  *  (fig,  7.),  put  ^^^^^ 
one  part^Otoi  filings ;  then  shut  the  opening  A  with  a 
cork,  thifwB  which  a  hole  has  been  previously  drilled 
hj  meant  of  a  round  file,  and  the  bent  funnel  B  passed 
throDgh  It.  Care  must  be  taken  that  the  funnel  and 
cork  fit  the  r^ort  so  as  to  be  air-tight.  Plunge  the 
beak  of  the  retort  C  under  water ;  then  pour  through 
the  bent  funnel  two  parts  of  sulphuric  acid  previously 
dilttled  with  four  times  its  bulk  of  water.  Immediate^ 
IjrAe  mixture  begins  to  boil  or  effervesce  with  violence, 
and  air-bubbles  msh  abundantly  from  the  beak  of  the 
retort.  Allow  them  to  escape  for  a  little,  till  yon  sup- 
pose that  the  common  air  which  previously  mled  the 
retort  bat  been  displaced  by  the  newly  generated  air. 
Then  place  an  inverted  jar  on  the  pneumatic  shejj^over 
the  beak  of  the  retort|  The  bubbles  rise  in  abundance 
anc*  sooa  fill  the  jar.  The  gass  obtained  by  this  process 
is  called  hydrogen  gas.  It  was  formerly  called  inflam* 
mabb  aif,  and  by  some  chemists  phlogiston. 

It  may  be  procured  alsp  in  great  abundance  and  pu- 
fity,  by  causing  the  steam  of  water  to  pass  through  a 


#  8ach  retorts  are  caHed  tuhulatcdhy  cheini«ts. 
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Bookr; 


Oiicovery 


Its  proper 
ties. 


red  hot  iron  tube.  This  gas  being  sonidSltles  emitted 
in  considerable  quantities  from  the  surface  of  (he  earth 
in  mines,  had  occasionally  attracted  the  notice  of  ob« 
servers*,  and  indeed  was  the  dread  of  miners  under  the 
name  of^r^  damp.  Mayowf ,  Boyle t>  &nd  Hales,  pro- 
cured  it  m  considerable  quantities,  and  noted  a  few  of 
its  mechanical  properties.  Its  cqkubustibilitj  was 
known  about  the  beginning  of  the  18th  century,  itd 
was  often  exhibited  as  a  curiosity  §.  But  Mr  Caven- 
dish ought  to  be  considered  as  its  real  discoverer;  since 
it  was  he  who  first  examined  it,  who  pointed  out  the 
difference  between  it  and  atmospheric  air,  and  who  ascer- 
tained the  greatest  number  of  its  properties  ||.  They 
were  afterwards  more  fiiUy  investigated  by  Priestley^ 
Scheele,  Sennebier,  and  Volta. 

1 .  Hydrogen  gas,  like  air,  is  invisible  and  elastic,  and 
capable  of  indefinite  compression  and  dilatation.  When 
prepared  by  the  first  process  it  has  a  disagreeable  smdlf 
similar  to  the  odour  evolved  when  two  ilint  stones  are 
rubbed  against  each  other.  This  smell  must  be  ascri- 
bed to.some  foreign  body  held  in  solution  by  the  gas; 
for  the  hydrogen  procured  by  passing  steam  through  red 
hot  iron  tubes  has  no  smell. 


*  Sec  an  intiance  related  in  PbU,  trofu.  Abr.  i.  169* 

4  Tract  at  ut  quinque^  p.  x(t^, 

X  Shaw's  Boylty  in.  21. 

§  Cramer's  EUmenta  DocimasU,  t.  45.  This  book  was  published  m 
2739.— Was«tberg  relates  a  story  of  an  accidentair  explosion  which  teil- 
rified  Professor  Jacquin's  operator.  Wasserbcrg's  Inttitutkiu*  Chemm, 
l  x84« 

Jl  PLiLTraKt,  1766,  T;!.  IvI  p,  141* 
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a.  It  ij  the  lightest  gaseous  body  wUh  which  we  are  Chap.  It^ 
scquainted.  If  the  specific  gravity  of  common  air  be  Weight, 
reclconed  1-000,  the  specific  gravity  of  hydrogen  gas, 
as  detcrminetl  by  Mr  Kirwan,  will  be  0.OS43'.  Mr 
Lavoisier  stales  it  as  only  0-07Sii+,  while  Messrs  Four- 
croy,  Vaufiuelin,  and  Seguinf,  make  it  0.0887-  Mr 
Kirwan's  estimate  appears  to  mc  the  most  correct:  At 
the  temperature  of  60",  while  the  barometer  stands  at 
So  inches^  100  cubic  inches  of  hydrogen  gas  weigh, 
according  lo  Kirwan,  l''613  grains  troy  ;  according  to 
Lavoisier,  £'3l2  grains;  and  according  to  Foarctoy, 
Vaunuelin,  and  Seguin,  2-75  grains.  It  is  very  nearly 
12  times  lighter  than  common  air. 

3.  AH  burning  substances  are 
guished  by  being  plunged  into  this  ga 
therefore  of  supporting  combustion. 

4.  When  animals  are  obliged  to  breathe  it,  they  soon  onMimili.  ! 
die.  A  mouse  put  into  a  jar  ot"  it  by  Dr  Gilby  of 
Btimingham  lived  30  seconds  without  inconvenience  i 
but  in  I  minute  33  seconds  it  was  dead.  Dr  Beddoes 
kept  a  rabbit  in  it  7  minutes  ;  it  was  much  distressed 
and  weakened,  but  recovered  J.  Scheelc  found  that 
he  could  make  20  inspirations  of  it  without  much  in- 
convenience [|  ;  but  Fonlana,  who  repeated  the  experi- 
ment, affirmed  that  this  was  owing  to  the  quantity  of 
eocnnon  air  contained  in  ihe  limgs  when  he  began  to 
breathe  ;  for  on  expiring  as  strongly  as  possiblfe  before 


mmediately  extin-   MBaOtit 
"     h  is  incapable   X!^"^ 


V  6a  PilipitM,  p.  a6. 

!1  3rhtele  .«  Air  atJ  Ki 


'94- 


$  Bcddod  f 


AppoadiE. 
I  Ffitiliimi  dri 
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Book  K     drawing  in  the  hydroffea  gas.  he  coald  oalr  nuke  three 

«  ■  y  ■  .K   respirations,  and  even  these  three  prodooed  extreoie 

feebleness  and  oppression  about  the  breast*.     The  as« 

sertion  of  Scheele  was  fully  verified  by  Pilatre  de  Ro* 

ziert  and  Mr  WattJ. 

The  ingenious  Mr  Davy^  professor  of  chcmiftry  ia 
the  Royal  Institution,  to  whom  we  are  indebted  £or 
many  curious  and  important,  but  rather  hazardous  'ex- 
periments on  respiration,  made  chiefly  upon  himadf^ 
after  a  complete  voluntary  exhaustion  of  his  lungsy 
found  great  difficulty  in  breathing  this  gas  for  so  long 
as  half  a  minute .  It  produced  uneasy  feelings  in  the 
chesty  momentary  l6s%  of  muscular  power,  and  some- 
times a  transient  giddiness  $.  But  when  he  did  not 
previously  empty  his  lungs,  he  was  able  to  breathe  it 
for  aboiit  a  minute  without  much  inconvenience  ||. 
When  much  diluted  with  conmion  air,  it  may  be 
breathed  without  injury.. 


■l.fc  L. 


♦  Jwr.  A  Fbys,  XY.  99. 

t  Hcf  breathed  hydrogen  gat  fix  or  iBven  times  from  t  blaitder 
oyt  incoovefiieocc  To  drmonstrate  that  it  was  realty  hydrogen  gas 
whKh  he  was  breathing,  he  made  a  strong  inspiration,  and  expired  the 
airslnnrly  thiftnigh  a  long  tube.  On  bringing  a  lighted  taper  to  the  end 
df  the  tiibe,tth^^pd&  tofik  fire,  and  continued  to  burn  for  some  time.  It 
was  objected  to  him,  that  the  gat  which  he  breathed  wu  dilated  witli 
^onunon  air.  To  show  that  this  was  not  the  case,  he  mixed  together 
one  part  of  comnum  air  and  nine  parts  of  hydrogen  gas ;  and  having 
drawr.  the  mixture  into  his  lungs,  he  threw  it  out  the  same  way.  Oo 
apply  In;;  ataji^rr  to  the  tube,  the  whole  of  the  gas  exploded  in  his  month, 
and  alnosc  »tunned  him.  At  first  he  thought  that  the  whole  of  hi^  teeth 
had  been  driven  out  \  but  fortunately  he  receii^  no  injury  whatcver«u 
See  Jwr.  d'  ^hju  xtviii.  415. 

I  Bcddoes  cm  tht  Use  and  Prodycti^n  of  FaetiH^us  Airs,  p,  I  !•. 

{  Davy*«  Rfsesnkis,  p.  4C0.  H  Ibid.  p.  466. 


5.  If  m  |>h»i  be  filled  liiriifi  hydfo^  g^s,  ini  a  IigiiU  Chap.  It 
ed  candle  be  Bhmght  to  its  monfhy  the  gas  will  take  fire;  Ooinbatti* 
and  bnrri  gradnalljr  till  it  is  'all  consumed.  If  the  hy- 
drogm  gas  be  pure,  the  flame  is  of  a  yellowish  white 
colour  ;  btit  if  the  gas  hcdd  any  Stibstance  ih  solution^ 
which  is  often* the  case,  the  fiamd  is  tin^'d  of  different 
colonrSy  a<;cording  io  the  substance.  It  is  most  usually 
reddish  f.  A  red  hot  iron  likewise  sets  fire  to  hy- 
drogen gas'.  '  From  my  experiments  it  foUows,  that 
the  temperature  at  which  the  gas  takes  fire  is  about 
1000^. 

If  pore  oxygen  and  hydrogen  gas  be  milled  together, 
they  remain  unaltered ;  but  if  a  lighted  taper  be  brought 
into  contact  with  them,  or  an  electric  spark  be  made  to 
pass  through  them,  they  bum  with  astonishing  rapidi- 
ty y'-and  produce  a  violent  e^plosipn.    If  these  two  gases 
be  niixed  in  the  proportion  of  one  part  in  bulk  of  oxy- 
gen gas  and  2*05  parts  of  hydrogea  gast,  they  etplodd   K«^l«'«* 
over  water  without  leaving  any  visible  residuum;  the  gcnnt, 
vessel  in  which  they  were  Contained  (provided  the  gases  wtterT"* 
were  pure)  being  completely  filled  with  water.     This 
important  experiment  was  made  by  Scheelef ;  but  for 
want  of  a  proper  apparatus  he  was  not  able  to  draw 
the  proper  consequences.     Mr  Cavendish  made  the  ex- 
periment in  dfjr  glass  vessds  with  all  ^t  precision 


f  HydityfTCB  always  holds  in  solution  a  certain  portion  of  the  metal 
by  meam  of  which  it  was  produced.  This  aflfects  the  colour  of  its  flame 
wtTf-  Biach  at  fim ;  hut  when  the  gat  is  kept,  most  of  the  metallic  mat- 
ter it  dcposhcd; 

I  jiMM,^  Ciimi  ii.  4r. 

{  Schecle  •n  jllr  and  Fire,  p.  5*.  •  and  CrcH's  Aiimdt,  iiL  lOf .  Eof . 
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Book  \  aod  sagacity  which  characterise  his  pbilosophtcal  !»• 
hours,  aad  ascertaioed,  that  after  the  combayjtion  there 
was  always  deposited  a  quantity  o£  water  equal  in 
weight  to  the  two  gases  wbich  disappeared.  Heuoe 
he  concluded  that  the  two  gases  had  combined  and 
formed  this  water.  This  inJGn'ence  was  amply  confirm* 
e.d  by  the  subsequent  experiments  of  Lavoisier  and  his 
friends*.  Water,  then^  is- a  compound  of  oxygen  and 
hydrogen^  ^nited  in  the  proportion  of  8^  pacta  by 
weight  of  oxygen,  and  14f  of  hydrogenf. 

When  4  measures  of  hydrogen  gas  are  mixed  with 
10  measures  of  common  air,  the  mixture  detonates  with 
equal  vi<dence  ;  and  if  the  experiment  be  made  in  glaitt 
tubesy  3  measures  only  will  remain  after  the  oombuftioo. 
The  whole  of  the  hydrogen  gas  is  consumed,  aad  like* 
wise  all  that  part  of  the  common  air  which  consists  oi 
oxygen  gas,  and  there  is  formed  a  quantity  of  ipiater 
equal  in  weight  to  these  two  bodies*  This  experiment 
is  often  employed  to  ascertain  the  purity  of  hydrogen 
gas.  Common  air  and  the  hydrogen  gas  to  be  examio* 
ed  are  mixed  in  certain  proportions  in  a  glass  tube,  gra* 
duatcd  and  dose  at  one  end ;  they  are  then  fire4  by  na 
electric  spark.  The  purity  of  the  gas  is  proportional 
to  the  diminution  of  bulk.  Thus,  when  the  bulk  of  a 
mixture  of  %ir  parts  of  hydrogen  gas  and  ten  parts 


*  The  hiftory.of  thiy  great  JUcovery,  aod  the  objectloot  which  havt 
been  made  to  it,  will  be  given  in  the  Section  which  treau  of  Watsr, 
where  they  will  be  better  uuderitAod  than  they  can  be  at  preient.  Tt 
ought  never  to  be  forgotten,  that  Newton  had  Idng  before,  with  a  saga* 
city  almost  greater  than  human,  conjectured,  from  the  great  refracting 
fower  of  water,  that  it  eautaiMs  a  cumbustibU  substane*, 
t  Fourcroy,  Vau^uelin,  and  Seguio,  jfnti,  de  Cbim,  iga  45. 


BTDROGEK.  3*7 

of  air  IB  dlminisbed  after  the  explosion  to  eight  parts,  canp.  IL 
the  hydrogcii  gas  may  be  considered  as  pore  ;  if  only 
toninie^  it  oontidnt  some  foreign  ingredients;  and  so 
on.  This  method  of  detecting  the  puritj  of  hydrogen 
gas  was  first  employed  by  Berthollet.  Volta,  indeed, 
had  employed  it  before  him  ;  but  for  a  different  pur- 
pose*. The  glass  tube  used  for  similar  experiments 
is  usually  called  by  foreign  chemists  Voka's  eudio* 
meter. 

6.  It  had  been  supposed,  in  consequence  of  the  ex-  Not  altered 
perimenta  of  Dr  Priestley  and  several  oth'er  philoso-  ^ 
phers,  that  when  hydrogen  gas  is  allowed  to  remain  in 
colittel  with  water,  it  is  gradually  decomposed,  and 
converted  idto  anbther  gas ;  but  Mr  de  Morveauf ,  Mr 
'BiBtJSiftztii,  aiid  Mr  Libes},  have  shown,  that  it  un- 
dergoes no  thange,  provided  sufficient  care  be  taken  to 
€xclad6  evexy  other  gas. 

7.  Hydrogen  gas  is  not  sensibly  absorbed  by  water,  NorabsoHi- 
though  left  for  some  time  in  contact  with  it.'     When 

water  is  previously  deprived  of  all  its  air  by  boiling, 
lOO  cubic  inches  of  it  imbibe  1*53  inches  of  hydrogen 
gas  at  the  temperature  of  60^  [] .  By  artificial  pressure, 
water  may  be  made  to  absorb  about  the  third  part  of 
its  bulk  of  that  gas.  Thie  taste  of  the  water  is  not  sen- 
sibly altered.  Mr  Paul,  who  first  formed  this  com- 
poundy  infbnns  us,  that  it  is  useful  in  inflammatory 
fevers  and  in  nervous  complaints ;  but  it  is  injurious 
in  dropsy^. 


•  Crell's  Jhatlt,  1785,11.  287.  f  TTwr^  MtfbU  CUm.  i.  754. 

f  ifw.A  CNm.L  I^.  S  ^^*  tff  ^Byi,tixwi  412. 

Heurff  PhiL  TrMs.  i8pj,  p.  S74.        ^  PhiL-Mof.  xt.  93. 
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Such  arc  the  properties  of  hydrogen  ga3 )  91^  of^thc 
fnost  remarl^able  and  best  known  ^f  the  simple  bodies^ 
though  its  (discovery  cannot  be  dated  farther  back  thaa 
40  years* 


SECT.  11. 


Metluxiof 

preparing 

clurcuaL 


Tts  [MTopcr- 
ties. 


OF  CAEBO)^   AND   THE  PfAJHONDf 

•  .  ■    .  .       . 

If  a  piece  of  wood  be  put  into  ^  crpcible,  well  covered 
with  sand^  and  kept  red  hot  for  some  time,  it  is  con- 
verted  into  a  black  shining  brittle  substaqce,  ^thoMit 
either  taste  or  smell,  well  known  under  the  name  of 
charcoal.  Its  properties  are  nearly  the  samp  from 
whatever  wood  it  has  been  ol^tained,  provided  ^ be  ex- 
posed  for  an  hour  in  a  covered  crucible  \o  the  heat  of 

a  forge  !• 

1.  Charcoal  is  insoluble  in  water.  It  is  not  aSected 
(provided  that  all  air  and  moisture  be  excluded)  by 
the  most  violent  heat  which  cap  be  applied,  except- 
ing only  that  it  is  rendered  much  harder  and  more 
brilliant  t^ 

Ii  is  an  excellent  conductor  of  electricity,  and  pos- 
sesses besides  a  number  of  singular  properties,  which 
render  it  of  considerable  importance.     It  is  much  less 


f  Unless  that  precautioD  be  attended  to,  iht  properties  of  charcoal  dil* 
ur  considerably. 

\  This  property  was  well  kuov^n  to  the  older  chemkts.  See  H«C* 
mann*f  OkttnMUUMs  J^^jtko^Cljmie^t  S€iutl9fe»i  p.  29S. 


liable  to  putrefy  or  rot  than  wood,  and  is  not  therefore  Cb«p.  li.^ 
so  apt  to  decay  by  age.  This  property  has  been  long 
knon-n.  It  was  customary  among  the  ancients  to  dar 
the  outside  of  those  stakes  which  were  to  be  driven  into 
the  ground  or  placed  in  water,  in  order  to  preserve  the 
wood  from  spoiling.  New-made  charcoal,  by  being 
rolled  up  in  cloths  which  have  contracted  a  disagreeable 
odour,  effectually  destroys  it.  When  boiled  with  meat 
beginoing  to  putrefy,  it  takes  away  the  bad  taint.  Ii  is 
perhaps  the  best  teeth. powder  known.  Mr  Lowilz  of 
Pctersburgh  has  shown,  that  it  may  be  used  with  ad- 
vantage to  purifyja  great  variety  of  substances*. 

2.  NeW'inade  charcoal  absorbs  moisture  with  avidi- 
If.  Messrs  Alien  and  Pcpys  found,  that  when  left  for 
a  day  in  the  open  air,  it  increased  in  weight  about  12f 
per  cent.  The  greatest  part  of  this  increase  was  owing 
U)  moisture  which  it  emitted  again  copiously  when  ex- 
posed under  mercury  to  the  heat  of  214''f. 

3.  When  heated  to  a  certain  temperature,  it  absorbs    AburiM 
air  copiously.     La  Mclberie  plunged  a  piece  of  bum-    "■""■  '"■• 
iog  charcoal  into  mercury,  in   order  to  extinguish  it, 

and  introduced  it  immediately  after  into  a  glass  vessel 
filled  with  common  air.  The  charcoal  absorbed  four 
times  its  bulk  of  air.  On  plunging  the  charcoal  into 
■water,  one-fifth  of  the  air  was  disengaged.  This  air, 
on  being  examined,  was  found  to  contain  a  much  small- 


Mg°"' 


tity  of  oxygen  than  atmospherical  air  docs.     He 


•  See  upon  the  prupcitici  of  chircoil  ihe  eiperimcnti  ofLowii?, 
CrdTf  jtnmili,  U.  lis.  Engl  Tnn&  an.l  al  Krii,  ibid.  iii.  i;o. 

f  Allen  and  fcpyi  en  the  quantiijr  of  cuban  m  carbotik  laJ.  Plfl. 
TI-4U.  1S07. 
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T^M  ^'i  ^^tiagttished  another  piece  of  charcoal  in  the  same  mi^- 
ner,  and  then  introduced  it  into  a  vessel  fill^  with  0x77 
gen  gas.  The  quantity  of  oxygen  gas  absorbed  amount- 
ed to  eight  times  the  bulk  of  the  gharcoal  ^  f  fourth 
part  of  it  was  disengaged  on  plunging  the  charcoal  intq 
water  •• 

This  property  of  absorbiQg  air,  which  new-mad^ 
charcoal  possesses,  was  observed  by  Fontana,  Friestley^ 
Scheele,  and  Morveau  ;  but  Morozzo  was  the  fipt  phi* 
losopher  who  published  an  accurate  set  of  ezpenments 
on  the  subjectf. 

These  experiments  have  been  lately  repeated  upon  a 
larger  scale  by  Mr  Rouppe,  professor  of  phemiatry  at 
Rotterdaip,  and  Dr  Van  Noorden  of  tl^e  same  city. 
They  filled  a  copper  box,  which  was  jpadf  air-tight^ 
with  red-hot  charcoal,  allowed  it  to  cool  wder  water. 
and  then  introduced  it  into  a  glass  jar  full  of  air.  Seven* 
teen  cubic  inches  of  charcoal  absorbed^  in  five  hours^ 
48  cubic  inphes  of  air,  or  2*8  times  its  bulkt*  This 
absorption,  though  much  more  considerable  than  could 
have  been  expected  from  former  experiments,  has  been 
confirmed  by  Morozzo,  who  has  lately  published  a  new 
set  of  experiments  on  the  absorption  of  gases  by  char* 
coal.  The  instrument  he  employed  was  very  simple: 
a  glass  tube  open  at  one  end  and  furnished  with  a  steel 
stopcock  at  the  others  to  the  stopcock  was  fitted  another 
stopcock,  having  in  it  a  cavity  into  which  the  red*hot 
charcoal  was  placed.  When  the  charcoal  was  put  into 
its  cavity,  and  the  stopcocks  adjusted  by  turning  the 
key,  the  gas  which  filled  the  tube  was  brought  into 
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•  Jmr.dg  Phyt.  xxx.  309.  f  Jour.de  Pbyt,  i-fli. 


contact  with  the  cliaicoal.      The  tube  was  o£sucb  s    Ctap.  11. 
size,  that  U  the  temperature  of  51"  it  held  a.  volume  o£ 
air  weighing  4*5  grains,  and  the  charcoal  used  was  of 
bcech-WDod,  and  weighed  about  3G  grains.    The  remit 
of  his  cxpef  imenti  wa>  as  follows  :— 

The  absorption  of  common  atr  smounted  to  0"41  ■t**^ 
of  the  whole  i  that  of  hydrogen  gas  to  0*11.  The  ef- 
fects of  cliarcoa],  whi;n  exposed  in  this  manner  to  pure 
oxfgea  gas,  if  we  believe  Morozzo,  are  very  remark* 
able  indeed.  On  allowing  the  two  bodies  to  remain  in 
contact  for  several  ^ays,  the  whole  of  ihe  oxygen  Wis 
absorbed.  Other  expeiimenters  had  obtained  an  absorp- 
tJOQ  not  exceeding  ^  of  the  gas*.  The  charcoal  by 
nbsorbing  the  gases  acquired  weight,  and  it  gave  out  on* 
Ijr  a  small  quantity  of  air  when  plunged  under  warcr. 

From  the  experiments  of  Sennebier,  it  was  concluded 
that  charcoal,  when  exposed  to  the  almosphere,  absorbi 
oxygen  gas  in  preference  to  azote,  as  the  other  portion 
of  common  air  is  callcdi-.  But  Rouppe  and  Van 
Noorden  have  shown,  that  this  happens  only  when  the 
charcoal  is  hot :  cold  charcoal,  they  found,  absorbed 
atmospheric  ait  unaltered. 

Morozzo  observed,  that  the  absorbent  power  of 
the  charcoal  varied  according  to  the  wood  from  Which 
it  was  procured.  The  charcoal  of  beech  And  box- 
wood absorbed  most  air  i  the  charcoal  of  willow  and 

iplar  was  a  little  inferior ;  that  of  hazel  and  vine-twigSf 
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^^^oleir.  itill  worse ;  and  die  chnooal  from  eork^  which  is  ez« 

I-    ^    !■>  trefHely  Itgfat,  absorbed  least  of  all*. 
CooTcrted        ^*  Wheii  tharcoal  is  heated  toaboot  802^f ,  or  when 

by  combus-  it  it  made  nearly  red  hot,''  and  then  phmired'into  oxy- 

tioo  into  ,  •  • 

carbooic  gen  gas,  it  takes  fire  ;  and,  pnnrided  it  has  been  pre- 
8*^  vionsiy  freed  from  the  earths  and  salts  which  it  ge- 
nerally contains,  or  if  we  employ  lamp  blacky  whidi 
is  chai^coal  nearly  pure,  it  bnmii  without  leaving  any 
retidtitai. '  But  the  air  in  which  the  combustion  has 
beencarried  on  has  altered  its  properticis'very  conistder- 
ably,  for  it  has  become  so  noxious  to  animals  that  thejr 
camiot  breathe  it  without  death.  If 'small  pieces  of 
dry  chaitoal  be  placed  upon  a  pedestal,  in  a  glate  jar 
filled  with  oxygen  gas,  and  standing  over  mercury, 
thrf  may  be  kindled  by  means  of  a  burning  glass,  and 
eonftumed.  The  bulk  of  the  gas  is  not  sensibly  altered 
by  this  combustion,  but  its  properties  are  gready 
changed*  A  great  part  of  it  will  be  found  converted 
into  a  new  gas  quite  different  from  oxygen.  This  new 
gas  is  easily  detected  by  letting  up  lime-watir  into  the 
jar  :  the  lime  water  becomes  milky,  and  absorbs  and 
condenses  all  the  new-formed  gas.  This  new  gas  his 
received  the  name  of  carbomc  acid.  Mr  Lavoisier  as- 
certained, \rf  a  very  laborious  set  of  experiments,  that 
it  iS'precisely  equal  in  weight  to  the  charcoal  and  oxy- 
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•  Nicbolioo,  Ibid,  and  Jmr,  it  Hju  VnL  467.  The  iocrcMe  of  weight 
of  charcoal  had  been  obxTFcd  also  by  Dr  Wataoo.  See  hit  Estajs^ 
VI.  41. 

\  I  eftimated  this  temperature  by  atcertalning  the  time  at  which  char- 
coal ceased  to  bum  00  an  iron  plate  which  had  been  heated  to  redncM,  and 
measuring  the  rate  of  cooling  by  Sir  Isaac  Newton*s  method,  to  be  de. 
scribed  heretftier. 


gen  whlcU  disappeared  during  the  combustion.  Hence 
he  concluded,  (bat  carbonic  acid  is  a  compound  of  char- 
coal and  oxygen,  and  that  the  combustion  of  charcoal 
is  Bolhing  else  than  its  combination  with  oxygen*. 
.Mr  Lavoisier  concluded  from  his  experiments,  that 
evcrj  28  parts  of  charcoal,  during  iheir  combustion, 
united  with  72  parts  of  oxygen,  and  that  carbonic  acid 
is  composed  of  these  two  bodies  combined  in  that  pro- 
portion. The  eKpcriment  is  of  difficult  execution  ;  yet 
it  has  been  made  by  other  philosophers  with  nearly 
the  same  result.  The  mean  of  five  CKpciiments  made 
viih  gieat  care  by  Messrs  Allen  and  Pepys,  gives  for 

(oonsliluems  of  carbonic  acid, 
^  charcoal  :^S■6 

b  oxygen    iv-i 

tha 
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I  result  differs  so  little  from  that  obtained  by  Lavoi- 
er,  that  in  the  present  state  of  chemistry  we  may  adopt 
the  numbeis  of  that  illustrious  philosopher  as  suilicient- 
Ij  precise. 

Allien  considerable  quantities  of  charcoal  are  con- 
sumed in  oxygen  gas,  some  time  after  the  commence- 
ment of  the  combustion  a  ij^uantity  of  water  deposiles 
itself  and  trickles  down  the  inside  of  ihe  glass.  This 
happens  however  dry  the  oxygen  was,  and  however 
well  the  charcoal  was  prepared  ;  but  after  the  combus- 
tion has  continued  for  a  certain  time  the  water  is  taken 
sand  disappears  t-     This  deposition  of  water 
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S^  '•     iodac^d  Mr  LaToisier  to  conclude  that  dbarcoal  is  noC 
>  a  simple  substance^  but  that  it  is  a  compoubd  of  at  l^mi 

two  bodlds^  both  of  which,  during  .the  combostioivef 
charcoal,  unite  to^ol^rgen,  and  form,  the  ose  water ^  tnd 
the  other  cwtwdc  acid.   The  first  we  know  Co  be  lydrp* 
Mr  I  the  second  Lavoisier  called  carbim*    Charcoal  then, 
according  to  Lavoisier,  is  a  compound  of  hjdrogea  and 
carbon.    He  even  estimated  the  hjdrogen  in  eommon 
th^coal  as  ^  of  the  whole.    The  sabseqilent  empeti* 
ttieiits  of  other  chemists^  especiallj  those  of  Priestlej, 
Gmikshanks,  and  BerthoUet  junior,  have  am^y  coo* 
firmed  this  deduction  of  Lavoisier.    Charcoal,  thed,  is 
not  pure  carbon ;  but  as  the  greatest  part  of  it  consists 
of  that  body,  we  may  consider  it  as  capable  of  giving 
us  some  idea  of  its  properties.   We  are  acquainted  with 
carbon,  however,  in  a  state  apparently  very  diflferent : 
in  that  state  it  constitutes  the  diamond* 
fMeitlet         $•  The  diamond  is  a  preqious  stone,  which  has  been 
ipoimj^         known  from  the  remotest  ages.     When  pure,  it  is  per- 
fectly transparent  like  crystal,  but  much  more  brilliant. 
Its  figure  varies  considerably ;  but  most  commonly  it 
is  crystallized  in  the  form  of  a  six*sided  prism,  termi« 
nated  by  a  six-sided  pyramid.     It  is  the  hardest  of  all 
bodies  ;  the  best  tempered  steel  makes  no  impression 
on  it ;  diamond  powder  can  only  be  obtained  by  grind- 
'  ing  one  diamond  against  another.     Its  specific  gratify 

is  about  3*5.     It  is  a  non-conductor  of  electricity. 

C.  As  the  diamond  is  not  atfected  by  a  considerable 
heat,  it  was  for  many  ages  considered  as  incombustible. 
Sir  tsaac  Newton,  observing  that  combustibles  refract 
light  more  powerfully  than  other  bodies,  and  that  the 
dianK>nd  possesses  this  property  in  great  perfection, 
suspected  it,  from  that  circumstance,  to  be  eapable  of 
combustion.     This  singular  conjecture  was  verified  i|i 


iG94  by  ih*  Flarentiop  academicians,  in  ihe  presence     Ch^li.^ 

of  Cosmo  III.  Grand  Duke  of  Tuscany,     By  n 

of  *  buintng-gUss  ihey  consumed  scver;>l  diamonds. 

Fnacis  I.  KmpcTur  of  Germany,  afwrwards  wimeased 

the  destruction  of  several  more  in  the  heat  of  a  I'orDacc. 

These  experiments  were  repeated  by  Darcet,  RouelJe, 

Macquer,  Cadet,  and  Lavoisier  ;  who  proved  that  Ihc 

diAmond  waa   net    merely  evaporated,    but   AcItiaUy 

bumi,  and  t^iai  if  air  was  excluded  it  underweni  no 

cbange*. 

t  Lavoisier  prosecuted  these  experiments  with  hia 
precision  ;   burnt    diamonds  in    dose  vessels  by 

ls  of  powerful  burning  glasses;  ■asceruined,  that 
doriDg  Iheif  combustion  catbonic  acid  gai  is  formed  i 
aad  ihiU  ta  this  re9{:i.ct  there  is  a  striking  analogy  be- 
twtca  (b«iB  and  charcoal,  as  well  as  in  the  affinity  of 
both  when  lic-aicd  in  close  vesselsf .  A  very  high  tcm> 
pn^tiuc  is  ooi  necessary  for  [he  combustion  of  ihe  dia- 
UUHld.  Sir  George  Mackenz.ie  ascertaiued  that  they 
bum  ill  a  muffle  X  wben  hetited  10  the  temperature  of 
44"  of  Wcdgewood's  pyrometer  ;  a  heat  considerably 
las  than  is  necessary  to  melt  silver  j.  When  raised  to 
this  temperature  they  waste  pretty  fast,  burning  with 
alow  flame,  and  increasing  somewhat  in  bulk;  thelt 
sorfsice  too  is  often  covered  with  a  ciust  of  charcoal, 
especially  wben  thej  are  consumed  iu  close  vessels  bv 
means  of  burning  glasses  ||. 


"  Afim  Ptr.  i;(4,  i;70, 1771,  i;;i, 
t  LiMiMct^  Opuicml,!,  iL  u  quoted  by  MKqucr.    UUt.  L 
J  A  lujli  i*  a  kind  of  umll  tiflhcn-vfatc  o»cn,  optn  31 
tuitd  iulu  a  furnuc. 

f  Nitholsoii't  ^jrla  Jam.  XV.  104. 

I  ftttqueraod  Lavolikr.    Mac^ucf'i  DW.  iLiiJ. 
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Book  L  la  1785»  Guytoa-Monreau  foimd  that  the  dialnoiid  i^ 
'_  ^  combustible  when  dropped  into  melted  nitre ;  thtt  it 
bnms  without  leaving  anj  residuum,  and  in  a  maikn^ 
analagous  to  charcoal  *.  Mr  Smithson  Tennant  repeat* 
ed  this  experiment  with  precision  in  I797.  Intoa  tnbe 
of  gold  he  put  120  grains  of  nitre,  and- 9*5  grains  of 
diamond,  and  kept  the  mixture  in  a  red  heat  for  half 
an  hour.  The  diamond  was  cons omed  bj  the  oxygen, 
which  red  hot  nitre  always  gives  out.  The  carbomc 
acid  formed  was  taken  up  by  means  of  lime,  and  after* 
wards  separated  from  the  lime  and  measured.     It  oc- 

And*  con-  ^'^P'^d  ^^^  '^^^'^  ^  ^^^  experiment  of  10«3  ounces  of 
verted  into  water,  and  in  another  of  10*1 :  the  mean  is  equal  to 
cid.  19' 30  inches  of  carbonic  acid,  which  have  been  ascer- 

tained to  weigh  nearly  0  grains.  But  Q  grains  of  car* 
bonic  acid,  by  Lavoisier's  experiments,  contain  almost 
exactly  2*5  grains  of  carbon,  which  was  the  original 
weight  of  the  diamond  f.  Thus  Mr  Tennant  ascertain* 
ed,  that  the  whole  of  the  diamond,  like  charcoal,  is  eott« 
verted  by  combustion' into  carbonic  acid  gas. 

As  the  proportion  of  carbonic  acid  formed  by  the 
combustion  of  diamond,  is  very  nearly  the  same  accord^ 
ing  to  Tennant's  experiment,  as  what  would  have  been 
yielded  by  the  same  weight  of  good  charcoal ;  it 
ought  to  follow,  that  diamond  and  charcoal  consist  both 
of  exactly  the  same  constituents.  But  when  we  con* 
sider  the  very  different  properties  of  the  two  substances, 
we  feel  a  strong  repugnance  to  embrace  this  conclusion. 
The  experiments  of  Lavoisier  were  repeated  in  l&oo 
by  Morvean,  who  consumed  various  diamonds  in  glaas 


•  Eneyt,  Method,  Chim,  i.  74a.    ^  f  A  Tratu,  1797,'  p.  ta^ 
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globes  filled  with  oxjgen  gas^  by  exposing  them  to  the  ^  C^l«p.ili. 
focus  of  tlie  .large  burning  glass  of  Tschimhaus.  He 
found  that  one  part  of  diamond^  during  its  combus^on^ 
combines  with  4' 55  parts  of  oxjgen^  and  the  carboniiL: 
acid  gas  formed  amounts  to  5*55  parts.  Consequently 
carbonic  acid  gas  is  composed  of  one  part  of  d^amopd 
and  4*55  of  oxjgen  ;,  or,  which  is  the  same  thing,  100 
parts  of  carbonic  acid  gas  are  composed  of 

17*88  diamond 

82*12  oxjgen 

100-00* 

This  expieriment  cannot  be  reconciled  with  that  of 
Mr  Tennant.  Were  it  to  be  depended  on,  it  would  de« 
monstrate  that  charcoal  and  diamond  are  essentially  dif- 
ferent; since  the  first  requires  onlj  2*57  times  its  weight 
of  oxjgen  to  convert  it  into  carbonic  acid,  while  the  last 
requires  4*55  times  its  weight  to  undergo  the  same 
change*'  This  difference  could  be  explained  onlj  by 
supposing  that  charcoal  already  contains  a  considerable 
proportion  of  oxjgen,.  which  is  wanting  in  diamond. 
But  as  several  circumstances,  in  the  experiment  of 
Guyton-Morveau,  rendered  its  precision  questionable, 
it  became  requisite  to  repeat  it,  before  the  conclusions 
founded  upon  it  90uld  be  admitted  as  established.  This 
was  done  with  every  requisite  precaution  by.  Messrs 
Allen  and  Pepys  in  the  year  1807;  and  w.e  have  every 
reason  to  confide  In  the  accuracy  of  the  results  which 
they  obtained.  They  found  that  diamond  when  burnt 
required  the  same  weight  of  oxygen,  and  formed  the 
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Book  L  same  quantttj  of  carbonic  acid  as  well  bornl  df ar- 
coal*.  Some  inaccuracy,  tttereibre,  miut'liave  crept 
int6  Morveau*s  experiment.  As  £Eir  as  experiment  has 
gone,  the  constituents  of  diamond  and  charcoal  are  abso- 
lutely the  same.  Now  as  the  presence  of  hydrogen 
has  been  demonstrated  in  the  latter,  we  must  admit  it 
also  in  the  former ;  a  conclusion  which  corresponds 
with  the  previous  deductions  of  Biot,  founded  on  the 
power  of  the  diamond  to  refract  light.  At  the  same 
time,  it  must  be  admitted  that  considerable  obscurity 
still  hangs  over  this  subject.  The  properties  of  dia« 
mood  and  charcoal  are  different  in  almost  every  re* 
spect ;  if  their  composition  be  the  same,  it  is  impossible 
to  explain  upon  what  that  difference  depends. 

Such  are  the  facts  that  have  been  ascertained  re- 
specting  the  combination  of  carbon  with  oxygen.    Let 
us  now  examine  the  compounds  which  it  forms  with 
hydrogen. 
Heavy  in*         7.  When  charcoal  is  exposed  to  a  strong  heat  in  an 
iron  retort,  there  is  disengaged  from  it  a  gas  which  has 
the  property  of  burning  with  a  blue  flame,  and  wluch 
is  considerably  heavier  than  hydrogen  gas ;   hence  it 
received  the  name  of  heavy  inflammable  air.     A  gas 
possessed  of  similar  properties  is  obtained  by  causing 
steam  to  pass  through  a  tube  filled  with  red«hot  char- 
coal ;  by  passing  spirit  of  wine,  ether,  or  camphor^ 
through  red*hot  tubes ;  by  distilling  oils,^  wood,  bones, 
or  indeed  almost  any  animal  or  vegetable  body  what« 
ev^r.    These  heavy  inflammable  airs  were  occasionally 
collected  by  Dr  Priestley,  but  they  were  first  particu- 
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tally  •KBIdined  by  Mr  Lavoisier,  Dt  HSggins,  and  Dr 
Austin,  who  ascenamed,  that  when  iliey  are  mixed 
wilfa  oxygen  gas  And  burnt,  the  products  are  only  wa- 
terwti  earbonic  acid.  Hence  it  was  concluded,  that 
ihey  ars  composed  of  carbon  and  hydrogen^  and  the 
term  carborited  hydrogen  gases,  indicaling  llicir  consti- 
luen»,  was  applied  to  them.  These  gases,  in  conse- 
qncnce  oC  the  experimenls  of  Dr  Priestley,  have  1 
lately  attracTcd  the  ailention  of  chemists  ;  and  many  im-  , 
portant  additions  have  been  made  to  our  knowledge  of  " 
them,  chiefly  by  the  Dutch  chemists  by  Mr  Cniik* 
shanks,  Mr  BerthoUet,  and  Dr  WUtiam  Henry.  But 
notwithstundin^  the  merit  and  sagacity  of  these  pliUo> 
aophers,  the  nature  of  the  giifes  is  still  involved  ia 
considerable  obscurity,  owing  in  a  great  measure  to 
otir  uncertainty  of  the  proportion  of  carbon  in  carbonic 
>eid.  The  opinion  of  Dr  Henry  and  Mr  Dalton,  that 
there  we  only  three  species  of  htavy  iitfiummahU  air, 
Btid  that  all  the  variety  which  we  obtain  is  produced  by 
mixtures  of  these  in  various  proportions,  seems  to  mc 
much  more  probable  than  the  opinion  of  Berlhollet, 
that  their  number  is  indeCniie.  Let  us  endeavour  to 
state  the  facts  respecting  tlicsc  three  species  of  gas  as 
diftinctly  as  passible. 

8.  There  is  a  gas  which  rises  spontaneously  in  hot  i 
weather  from  marshes  and  stagnant  water,  and  which 
Bsay  be  easily  collected  in  considerable  quantities  ;  this 
gai  was  examined  by  Dr  Priestley,  and  more  lately  by 
Mr  Cniikshanks  and  Mr  Dalton.  It  is  invisible 
tnd  elastic,  like  common  air,  and  it  bums  with  mora 
briltiancy  than  hydrogen  gas.  Its  specific  gravity,  ac- 
cording to  Cruickshanks,  is  O.G7774i  that  of  common 
Q(ic  hundred  cubic  inches  of  it,  at 
D 
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60^^  weigh  21  grains  *.     When  mixed  with  esgrged 
gas  and  fired  by  electricitj,  it  explodes^  and  leaves  a 
residue  more  bulky  than  the  original  mixture;   but 
lime-water  absorbs  the  greatest  part  of  it.     The  sub- 
stances formed  during  this  combustion  are  carbonic 
acid  and  water.     Hence  it  is  obvious,  that  the  gas  is 
composed  of  carbon  and  hydrogen.     It  is  therefore  en- 
titled  to  the  name  of  carburtted  hydrogen.     But  after 
the  carbonic  acid  has  been  removed  (supposing  it  bad 
been  mixed  with  oxygen  in  the  exact  proportion  to 
consume  the  whole  of  that  body),  Mr  Dalton  haa  as* 
certained,  that  there  always  remains  a  residue  amount- 
ing to  about  f  th  of  the  gas  from  stagnant  water  originally 
used.     This  residue  possesses  the  properties  of  the  gas 
called  a9iote\9  which  we  shall  examine  in  a  subsequent 
chapter.   The  gas  from  stagnant  waters,  then,  is  a  mix- 
ture of  four  parts  of  carbureted  hydrogen,  and  one  part 
of  azote.     Dr  Henry  has  ascertained,  that  if  the  azot^ 
be  supposed  separated,  the  carbureted  hydrogen  re* 
quires  for  combustion  twice  its  bulk  of  oxygen  gas;  and 
there  is  produced  a  quantity  of  carbonic  acid  just  equal  in 
bulk  to  the  carbureted  hydrogen  ]:•    Hence  it  is  easy  lo 
determine  its  constituents, 
luconipoii-       One  hundred  inches  of  it  require  200  inches  of  oxygen 
gas,  100  of  which  form  carbonic  acid ;  and  the  remaining 
100  must  enter  into  the  composition  of  the  water  form- 
ed, and  of  course  combine  with  a  quantity  of  hydro- 
gen equal  in  bulk  to  200  inches.     Now  100  inches  oC 
carbonic  acid  contain  13*02  grains  of  carbon,  and  20i 


tioiu 


a  Nicholioii*s  4to  /htt.  t.  8. 

t  Henry,  NichoUon^s  /wr.  ti.  61  %  Ibid 


iiichet  of  hydrogen  weigh  5*2  grains.    Tliis  would  gi^e   ,^''-' 
ns  the  gas  composed  of  nearly 

28t  hydrogen 

714-  carbon 


100 


A  result  which  accords  pretty  nearly  with  the  weight 
of  the  gasy  as  ascertained  by  Cruikshanks.  One  hun- 
dred inches  of  carbureted  hydrogen  (freed  from  azote) 
ought  to  weighs  according  to  him,  18*6  grains ;  and  the 
constituents^  as  stated  above/  weigh  18*22  grains. 

The  gas  obtained  by  distilling  acetate  df  potash*,   dufntk 
seems  to  be  the  same  very  nearly  with  the  carbureted   putaihi 
hydrogen  above  described.     It  was  this  gas  that  was 
subjected  to  experiment  by  Drs  Austin  and  Higgins. 

When  common  pit-coal  is  distilled  in  close  vessels.   From  pit* 
a  vast  quantity  of  inflammable  air  is  evolved^  which  ^^ 
has  rather  an  unpleasant  smell,  bums  with  a  fine  yeU 
lowish  white  flame  like  oil,  and  yields  a  very  bright 
light.     This  gas  has  been  substitut:d^r  oil  in  lamp% 
lad  has  been  used  successfully  to  light  up  rooms  f.     It 


«  A  Mlt  described  in  a  isbsequent  put  of  this  Work. 

f  Maay  fuccessiye  ezhibicioos  of  ic  were  made  U,  fk»  hjtemii  in  Lott* 
doD  in  if04»  and  it  had  been  publidj  proposed  llrflrabce  for  the  wmd 
purposes  aboot  the  year  i8ox  ;  but  the  real  dkitnmoe  of  the  use  of  th4 
gas  was  Mr  Murdoch  of  liimungham,  Dr  WdKam  Henrj  has  publish* 
ed  the  foUo#iiig  detail  of  the  discovery : 

**  In  the  year  2792,  at  which  time  Mr  Muk^bch  nsided  at  Redruth  in 
Comwal,  as  J^lron  and  Watt*a  principal  agint  and  manager  of  CDgincg 
in  that  county,  he  commenced  a  series  of  experinientr  upon  the  quantil^ 
and  quality  of  the  gases  contained  m.  different  subttanceSb  In  the  course 
of  these  he  renurkedf  that  the  gai  obtained  by  dfatiUation  from  coaly 
peat,  wood,  and  other  inflammable  tubstaoces,  burnt  with  great  brilliaiw 
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Book  I.  appears  from  the  experiments  of  Dr  Hetuy^  that  this 
gas  is  composed  of  the  same  coDstitiients  as  the  gas 
from  stagnant  waters,  excepting  only  a  small  portion  of 


cy  upon  beings  8et  fire  to ;  and  it  occurred  to  him,  that  hf  coofinin; 
•nd  conducting  it  through  tubes,  it  might  be  employed  as  an  ccnoomical 
tubttitute  £or  lamps  and  candles.    The  distillation  was  perfionacd  in 
iron  retorts,  and  the  gas  conducted  through  tinned  iron  and  c(^par 
tnbci  to  the  distance  of  70  feet.    At  this  termination,  as  weQ  as  at  inter* 
mediate  points,  the  gas  was  set  fire  to,  as  it  passed  through  apertnitt  of 
di£ferent  diameters  and  forms,  purposely  Taricd  with  a  Tiew  of  aMer- 
tainlng  which  would  answer  best.    In  some  the  gas  issued  through  a 
number  of  small  holes,  like  the  head  of  a  watering  pan ;  in  others  it  wai 
thrown  out  in  thin  long  sheets ;  and  again  in  others  in  circular  ones,  up- 
on the  principle  of  Argand*s  lamp.    Bags  of  leather  and  of  Tamiihed 
silk,  bladders,  and  ressds  of  tinned  iron,  were  filled  with  the  ga%  urhidi 
was  set  fire  to,  and  carried  about  from  room  to  room,  with  a  view  of 
ascertaining  how  far  it  could  be  nude  to  answer  the  purpose  of  a  move* 
able  or  transferable  light.    Trials  were  likewise  made  of  the  diifotnt 
quantities  and  qualities  of  gas  produced  by  coals  of  various  detcri|Nloni, 
such  as  the  Swansea,  Haverfordweit,  Newcastle,  Sfaropihire,  ScaffM> 
shire,  aud  some  kinds  of  Scotch  coals. 

''  Mr  Murdoch's  constant  occupations  prevented  his  giving  £urther 
attention  to  the  subject  at  that  time ;  but  he  again  availed  himself  of  a 
moment  of  leisure  to  repeat  his  eiperiments  upon  coal  and  peat  at  Old 
Cumnock,  in  Ayrshire,  in  1797 ;  and  it  may  be  proper  to  notice  that 
both  these,  and  the  former  ones,  were  exhibited  to  nimierous  spectaton^ 
who,  if  necessary,  can  attest  them.  In  X798,  he  constructed  an  apptn- 
ttts  at  Soho  Foundfy^which  was  applied  during  many  successive  nighet 
to  the  lighting  of  tt'baiidii^ ;  when  the  experiments  upon  difiereat 
apertures  were  repeaaad  and  extended  upon  a  large  scale.  Vaiioua  mp- 
thf)d|  were  also  practised  of  washing  and  purifying  the  air,  to  get  rid  of 
the  smoke  and  smell.  These  experiments  were  continued,  with  occi* 
sional  interraptionii  until  the  epoch  of  the  peace  in  the  spring  of  x8o2, 
when  the  iUuminatsoo  of  the  Suho  nunulactory  afforded  an  opportunity 
of  making  a  public  display  of  the  new  lights ;  and  they  were  made  to 
constitute  a  principal  feature  m  that  exhibition.  I  do  not  know  exactly 
at  what  time  the  fint  trials  ware  made  or  published  in  Franee.  The 
first  notice  we  received  of  them  here,  was  in  a  letter  from  a  ftiend  it 


two  other  inflammable  gases  with  which  he  supposes  it 
mixed  *. 

One  of  the  most  remarkable  properties  of  carbureted 
hjdiogen  gas  is,  that  when  electric  shocks  are  passed 
through  it  for  some  time,  it  is  permanently  dilated  to 
about  twice  its  namral  bulk.  Or  Austin,  wlio  bestow- 
ed considerable  pains  on  this  gas,  directed  his  particu- 
lar attention  to  the  changes  produced  in  it  by  eleclrici- 
tyf.  He  found,  that  by  repeatedly  passing  electric 
explouoDS  through  a  smlll  quantity  of  carbureted  hy- 
drogen gas,  it  was  permanently  dilated  to  more  than 
twice  its  original  bulk.  He  rightly  concluded,  that 
this  remarkable  expansion  could  only  be  owing  to  the 
evolution  of  hydrogen  gas.  On  burning  air  thus  ex. 
panded,  he  found  that  it  required  a  greater  quantity  of 
oxygen  iban  the  same  quantity  of  gas  not  dilated  by 
electricity ;  An  addition  therefore  had  been  made  to 
the  combustible  matter  ;  for  the  quantity  of  oxygen 
necessary  to  complete  the  combustion  of  any  body  is 
always  proportional  to  the  quantity  of  that  body.     He 


theory  of 


Pirii,  dated  the  Sih  of  Nov.  iSoi  i  in  which  he  dnirn  mc  in  infaim 
Mr  Murdoch,  that  a  pernii  lud  lighted  ap  hit  houie  md  gardens  witll 
the  gu  obtained  from  waod  and  cinJ,  and  had  il  io  contemplation  la 
light  up  the  city  of  Pari), 

■■  After  mcDtiofiiog  the  abpvc,  I  ihink  it  it  pmpfr  to  ttat«  alio,  that 
in  the  o*au  eoniuuited  upon  Lord  DundooMld'i  plan,  ac  Calintu  in 
ShropahirCi  for  the  purpotc  of  uving  [he  lar.  Sic  which  eicapci  during 
the  ciMking  of  coal,  it  hat  been  unul  for  a  number  of  yean  put  to  act 
fire  to  the  large  current  ctgts  at  it  fliea  off,  and  ihut  procure  a  bright 
QbuniiiatioD.  Thi>  howcTer  wat  not  known  to  Mr  Murdoch,  anti  waa 
never  kcd  bf  bim," — NichoUon'a  Jetr.  lU  jj. 

•  The  ffoct  tuppoaed  niiied,  arc  tbc  two  apecin  described  in  the  aub- 


n  part  of  ibia  Scctioj 
(.  Iiut.51. 
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JJj*^  ^-  concluded  from  his  experiments,  that  he  hW  deconw 
posed  the  carbon  which  was  united  to  the  hjdrogea 
glis ;  and  that  carbon  is  composed  of  hydrogen  ana 
afsoti*f  some  of  which  he  always  found  in  the  vessel 
after  the  dilated  gas  had  been  burnt  bj  means  of  oxy- 
gen. If  this  conclusion  be  fairly  drawn,  we  must  ex* 
punge  carbon  from  the  list  of  simple  substances,  and 
henceforth  consider  it  as  a  compound. 
Re^ed.  There  was  one  circumstance  which  ought  to  have 

prevented  Dr  Austin  from  drawing  this  conclusion,  at 
least  till  warranted  by  more  decisive  experiments. 
The  quantity  of  combustible  matter  had  been  increased. 
Kow,  if  the  expansion  of  the  carbureted  hydrogen  gas 
were  owing  merely  to  the  decomposition  of  carbon,  no 
such  increase  ought  to  take  place,  but  rather  the  con- 
trary ;  for  the  carbon,  which  is  itself  a  combustible 
substance,  is  resolved  into  two  ingredients,  hydrogen 
and  azote,  only  the  first  of  which  burnt  on  the  addi- 
tion of  oxygen  and  the  application  of  heat.  Dr  Aus- 
tin's experiments  were  repeated  by  l)r  William  Henry 
with  his  usual  ingenuity  and  precision  f.  He  found 
that  the  dilatation  which  Dr  Austin  describes  actually 
took  place  ;  but  that  it  could  not  be  carried  beyond  9 


=-=sie 


*  Hit  theory  was,  that  carbureted  hydrogen  gas  is  compoced  of  hy- 
drogen and  asote,  and  charcoal,  of  as ote  and  carbureted  hydrogen'  gas  s 
^htch  comes  netfly  to  the  tame  tbfaig  with  regard  to  the  elements  of 
ptfbon.  It  it  singular  enough,  that  though  Dr  Austin  would  not  allow 
the  presence  of  carbon  in  carbureted  hydrogen  gas,  he  aaually  decom« 
^oied  it  by  melting  snlphnr  in  it:  the  sulphur  combined  with  the  hydro- 
gen gasi  and  a  quantity  of  charcoal  was  precipiuted.  This  eiperimenc 
lie  relates  without  making  any  remarks  upon  it,  and  seems  indeed  not  t« 
jliaye  paid  any  attention  to  it. 

f  fhil,  Tntru.  1797,  Part  ii.  and  Nicholson's  ^atto  Joirr.  ii.  S41. 
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Mrtain  degree,  a  little  more  than  twice  the  original  ^'  '^ 
bulk  of  the  gas,  as  bad  been  preriouslj  remarked  bj 
Dr  Attstin  himself.  Upon  burning  separately,  bj 
means  of  oxygen,  two  equal  portions  of  carbureted  hj« 
drogen  gas,  one  of  which  had  been  expanded  bj  electri- 
city to  double  its  original  bulk,  the  other  not,  he  found 
that  each  of  them  produced  precisely  the  same  quantity 
of  earbcme  acid  gas.  Both  therefore  contained  the 
same  quantity  of  carbon  ^  consequently  no  carbon  had 
Veen  decompounded  by  the  electric  shocks. 

Dr  Henry  then  suspected  that  the  dilatation  was  ow-  Eipaoiioo 
ing  to  the  water  which  every  gas  contains  in  a  larger  Vy 
or  smaller  quantity.    To  ascertain  this,  he  endeavoured 
to  deprive  the  carbureted  hydrogen  gas  of  as  much  wa* 
ter  as  possible,  by  making  it  pass  over  very  dry  pot- 
ash, which  attracts  water  with  avidity.     Gas  treated  in 
this  manner  could  only  be  expanded  one.sixth  of  its 
bulk  ;  but  on  admitting  a  drop  or  two  of  water,  the  ex« 
|MUision  went  on  as  usual*    The  substance  decompound- 
ed by  the  electricity,  then,  was  not  the  carbon,  but  the 
water  in  the  carbureted  hydrogen  gas.     The  electric 
explosion  supplies  the  proper  temperature  ;  the  carbon 
unites  with  the  oxygen  of  the  water,  and  forms  car- 
bonic acid ;  and  the  hydrogen,  thus  set  at  liber ty,  occa- 
sions the  dilatation.     Carbonic  acid  gas  is  absorbed 
with  avidity  by  water  :  and  when  water  was  admitted 
into  709  measures  of  gas  thus  dilated,  100  measures 
were  absorbed ;  a  proof  that  carbonic  acid  gas  was  ac- 
tually present.     As  to  the  azote  which   Dr  Austin 
found  in  his  dilated  gas,  it  evidently  proceeded  from 
the  admission  of  some  atmospheric  air,  about  70  parts 
of  which  in  the  100  consist  of  this  gas :  for  Dr  i(V.us- 
lin'l  gas  had  stood  long  over  water ;  and  Drs  Priestley 
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Book  I.      and  Hieeint  have  shown  that  air  in  such  a  situation  al* 

PirnionL  .  .  t 

*■    y   1^   wajs  becomes  impregnated  with  azote*. 

Such  are  the  properties  of  carbureted  hydrogen  gas. 
Mr  Watt,  who  first  pointed  out  the  effects  of  this  gas 
when  respired,  seems  to  have  been  the  philosopher  who 
gav^  it  the  name  of  hydrO'Carhonate'\ ;  a  name  very 
commottlj  used  by  British  writers.  Dr  Henry  has 
lately  changed  it  into  hydrO'Carburet.  The  term  thus 
altered  appears  unexceptionable,  and  may  be  used  with 
propriety  to  distinguish  this  species  from  the  othe^ 
compounds  of  hydrogen  and  carbon. 
^Svpercaiv  o.  When  four  parts  of  sulphuric  acid  and  one  part  of 
dmoi^or*  alcohol  are  mixed  together  in  a  retort,  the  mixture  be- 
okfiioc  gu.  £Qinc5  yery  Y^QXp  and  assumes  a  brown  colour.  By  ap* 
plying  the  heat  of  a  lamp  to  the  vessel  while  its  beak 
is  plunged  under  water,  we  soon  cause  it  to  boil,  and  a 
gas  is  disengaged  in  abundance.  This  gas  ^as  first 
particularly  examined  by  a  society  of  Dutch  chemists^f 
aftd  called  by  them  olefiant  gas  ;  but  perhaps  the  term 
super* carbureted  hydrogen,  which  is  more  systematic^ 
might  be  applied  to  it  with  propriety.  It  has  been 
since  analysed  by  BerthoUet  and  Dr  William  Henry. 
Propertiei.  '^^'^  8^*  possesses  the  mechanical  properties  of  com- 
mon air  ;  but  it  has  a  disagreeable  odour,  owing  per- 
haps to  some  oily  matter  which  it  holds  in  solution.  It 
does  not  support  combustion,  and  is  equally  noxious  to 


*  The  increaie  of  the  comboitible  matter  in  Dr  Austin's  eiperimcnt 
was  doubtless  owing  to  the  oitdisement  of  a  part  of  the  merciuy  at  the 
expence  of  the  water, 
f  See  his  letters  m  Beddoes'swork  on  Factitimu  Airs, 
\  Messrs  Bondt,  Dieman,  Van  Troostwyk,  and  Lauwereubtirg;    Their 
memoir  it  published  in  the  Jmrmni  dt  PSytifm^  xlv.  278. 


L  with  the  last  described  species.  Its  specific 
f  according  to  the  Dutch  chemists,  is  0-D05, 
of  sir  being  yOOO.  Tlierefore  at  the  temperature 
0%  barometer  so  inches,  lOu  cubic  inches  of  it 
rh  2S'18  grains  troy.  When  this  gas  is  kindled, 
inis  with  a  dense  while  flame,  and  with  very  great 
[idour  ;  the  combustion  continuing  a  very  consi. 
:  time.  When  mixed  with  oxygen  gas,  and 
R  close  vessels  by  means  of  electricity,  it  deto- 
|ke  products  of  this  combustion  are  water  and 
pBcid.  Hence  we  learn,  that  the  constituents 
t  are  hydrogen  and  carbon.  From  the  experi- 
£  Mr  Dalton,  it  appears  that  1  DO  inches  of  ole. 
ugas,  in  order  to  be  completely  consumed,  must  be 
3d  with  300  inches  of  oxygen.  There  is  formed 
antiiy  of  carbonic  acid  equal  t 
es  of  ilic  oxygen  gas 
gas.  The  remaining  lOO  i 
joun,  and  formed  water  ;  and  i 
^fave  united  with  a  quantity  of  hydrogen  equal  to 
Hjbes  in  bulk.  200  inches  of  carbonic  acid  con-  i 
9B*04  grains  of  carbon,  and  300  inches  of  hydrogen 
;b  5*2  grains.  Honce  it  follows,  that  100  inches 
cfiant  gas  arc  composed  of 

2S'04   carbon 
5'2     hydrogen 


200  inches.     20b 
forming 
ted  with 
know  that  they 
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jP^  \  "^^  proportion  of  carbon  is  almost  doaUe  what  czirts 
in  the  last  described  species.  Hence  the  reasoa  of  ap- 
plying to  it  the  name  of  super-carbareted  hydrogen ; 
the  term  indicates  the  superior  proportion  of  carbon. 
The  constituents  are : 

Hydrofen.        Cttbn. 
Carbureted  hydrogen,  100  250*S 

Super-carbureted  hydrogen,        100  488*2 

The  preceding  analysis  by  no  means  agrees  with  tfaatef 
Berthollet,  who  informs  us  that  he  ascertained  by  histri* 
als  that  super-carbureted  hydrogen  gas  was  composed  of 
one  part  hydrogen  and  three  parts  carbon  ;  but  as  be 
does  not  give  us  the  data  upon  which  this  r^^^rh'tiir 
was  founded,  it  is  impossible  to  ascertain  the  cause  of 
the  difference  between  his  statement  and  that  deduced 
from  Mr  Dalton's  experiments*. 

Mr  Berthollet  relates  a  very  curious  experiment 
which  had  not  been  observed  by  the  Dutch  chemists: 
When  four  measures  of  defiant  gas  and  three  measures 
of  oxygen  gas  are  fired  together  by  electricity,  the  mix* 
ture  dilates  so  much  as  to  occupy  the  bulk  of  li  mea- 
sures, and  a  quantity  of  charry  matter  is  deposited. 
The  dilated  gas  is  still  susceptible  of  detonation  when 
mixed  with  more  oxygen  f.  Berthollet  supposes^ 
that  the  effect  of  the  first  detonation  was  to  form  a 
combination  of  the  two  gases,  which  still  retained  the 
gaseous  form ;  but  it  is  difficult  to  conceive  how  such 
a  combination  could  be  produced  by  combustion,  an^ 
yet  remain  combustible. 

One  of  the  most  characterestic  properties  of  this  gas 


•  St^ifut  Chimiqui  u.  6S.  f  fbid,  p.  7 1. 
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is  the  rapid  diminution  of  bulk,  and  the  formation  of  ,Ch#'  P«^ 
2ak  opal  coloured  oil  xvhen  it  is  mixed  with  the  gas  Action  of  ~ 
called  oxymuriatic  acid*.  It  was  this  property  which  ^J^^^ 
induced  the  Dutch  chemists  to  give  to  super*carbure« 
ted  hydrogen  the  name  of  ckfiant  gas.  They  found, 
that  when  the  two  gases  were  mixed  together  in  the 
proportion  of  three  measures  oieiiant  gas,  and  four  mea- 
sures oxymuriatic,  the  two  gases  disappear  completely: 
but  the  proportions  which  Dr  William  Henry  found 
to  produce  this  effect,  were  somewhat  different;  namely, 
five  measures  of  olefiant  gas,  and  six  measures  of  oxymu* 
rlatic.  This  rapid  absorption  and  formation  of  oil  en« 
ables  us  to  detect  the  presence  of  olefiant  gas  in  gaseous 
mixtures  with  considerable  facility.  Dr  Henry  has 
applied  it  very  ingeniously  to  the  analysis  of  a  variety 
of  mixed  inflammable  gases  f  • 

10.  When  a  mixture  of  equal,  parts  of  iron  filings  3.  Carboiiio 
and  chadk,  both  made  previously  as  dry  as  possible,  are  ^^"^' 
exposed  to  a  red  heat  in  an  iron  retort,  there  is  disenga- 
ged a  great  quantity  of  gas,  consisting  partly  of  carbo- 
nic acid,  and  partly  of  "a  species  of  heavy  inflammable 
ttr.  When  the  carbonic  acid  is  separated  by  means 
of  lime* water,  the  inflammable  gas  is  obtained  in  a  state 
of  great  purity.  It  was  first  procured  by  Dr  Priest- 
ley ;  but  for  our  knowledge  of  its  constituents  and  its 
properties,  we  are  indebted  to  the  ingenious  experi* 
ments  of  Mr  Crutkshanks.  Clement  and  Desormes, 
Morveau  and  Berthollet,  examined  it  also  soon  after 
yrith  equal  address  and  success.      The  name  carbonic 
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oxid$  gas  has  been  given  it  by  chemists,  and  Cruik- 
shanks  has  rendered  it  probable  that  it  is  a  conipoond 
ot  oxygen  and  carbon;  the  aecount  of  its  properties 
belongs  therefore  to  a  subsequent  part  of  this  Work : 
but  I  consider  it  as  necessary  to  give  a  short  detail  of 
them  in  this  place,  because  it  has  been  so  often  coo« 
foiinded  with  the  other  two  species,  &om  which,  bow* 
ever,  it  is  exceedingly  distinct. 

This  gas  possesses  the  mechamcal  properties  of  ain 
Its  specific  gravity,  according  to  Crutkslianks,  is  0*956^ 
that  of  air  being  1*000  ;  hence  100  inches  of  it  weigh, 
imder  the  medium  pressure  and  temperature,  29*54 
graiiis  troy. 

It  bums  with  a  deep  blue  flame,  and  gives  oat  but 
little  light*  When  mixed  with  oxygen  gas  it  detonates, 
though  not  loudly ;  eight  measures  of  it  require  for  com- 
bustion about  3t  of  oxygen  gas.  When  100  cubic  in- 
ches of  it  are. mixed  wijth  40  inches  of  oxygen  gas,  the 
whole  is  consumed,  and  02  inches  of  carbonic  acid  are 
formed  ^^  Now  i  GO  of  carbonic  oxide  and  4o  of  oxygen 
weigh  43*6  grains,  and  92  of  carbonic  acid  weigh  42*78 
grains.  From  this  near  coincidence  between  the  weight 
of  the  substances  consumed  and  the  product,  Cruik- 
shanks  drew  his  conclusion  that  the  gas  contained  no 
hydrogen ;  and  in  this  opinion  the  greater  number  of  cho« 
mists  have  acquiesced.  Supposing  it  correct,  it  will  be 
easy  for  us  to  assign  the  constituents  of  the  gas ;  the 
carbonic  acid  produced  contuns  very  nearly  ll*'72graitt8 
of  carbon,  the  remainder  of  the  weight  is  oxygen;  from 
which  if  we  subtract  the  weight  of  the  40  inches  of 
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ozjgea  QtecLfor  the  combnstioD^  we  have  a  remainder  ^QnywlL^ 
of  nearlj  ISf,  which  must  be  the  oxjgen  that  previoas^ 
ly  existed  in  the  gas.  Hence,  according  to  this  statementp  Compost- 
carbonic  oxide  b  composed  of  about  ^^^ 

30  carbon 

61  oxygen 


100 
BerthoUet  does  not  acquiesce  in  this  analysis.  AcoorA- 
ing  to  him,  the  gas  contains  hydrogen  as  a  constilneatp 
and  is  a  triple  compound  of  oxygen,  carbon,  and  hydros 
gen.  That  it  often  contains  hydrogen  is  probable ;  but 
the  experiments  of  Henry  have  made  it  probable^  Att 
it  is  only  accidentally  and  not  essentially  present :  for 
when  subjected  to  the  action  of  electric  explosions,  it 
does  not  expand  as  all  gases  do,  hitherto  tried,  which 
contain  hydrogen  as  a  constituent*. 

11.  These  three  species  of  gas  have  been  long  con*  Hydro- 
founded  in  this  country,  under  the  name  of  hydro'Car^  carbooiiBfc 
hmatet.  The  first  and  last  species  are  not  sensibly  ab* 
sorbed  by  water;  but  100  inches  of  water  absorb 
about  11  inches  of  olefiant  gas,  or  nearly  ^  of  its  bulkf. 
They  are  all  exceedingly  noxious  to  animals,  occasion- 
ing almost  instantaneous  fainting,  feebleness,  and  death. 
The  last  species  is  easily  recognized  by  the  deep  blue 
flame  with  which  it  bums  :  the  flame  of  the  two  first 
species  is  white,  but  the  second  is  vastly  more  bril- 
liant than  the  first.  From  the  late  experiments  of  Dr 
Henry,  there  is  reason  to  consider  it  as  probable,  that 
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Bottkl*     all  the  Other  species  of  ikavjr  itrflammMdgaa  are  no** 

^vWAMOO  B* 

t  m^  I  thing  else  than  mixtures  of  these  three  and  of  hjdra«- 
gen  gas.  The  following  are  the  most  remarkable  of 
these, 

Gm  from  1 2.  When  steam  is  made  to  pass  through  red  hot  char- 

moitt  char*  . 

coaL  coal,  confined  in  a   porcelain  or  metal  tube^  a  great 

quantity  of  gas  is  obtained*  When  the  steam  passes  so 
rapidly  that  a  portion  of  it  comes  over  in  the  state  of 
.WMer»  the  gas  obtained  is  a  mixture  of  carbonic  acid 
,aod  heavy  inflammable  air ;  but  when  the  steam  passes 
AO  slowly  as  to  be  wholly  decomposed  by  the  charcoal, 
the  gas  which  issues  from  the  tube  is  almost  all  inflam- 
mable. Dr  Priestley  first  procured  gas  in  this  manneri 
and  pointed  out  the  effect  of  different  proportions  of 
steam  *•  The  process  was  repeated  with  great  care 
by  Lavoisier,  during  the  course  of  his  experiments  t9 
determine  the  constituents  of  carbonic  acidf  ;  and  Mr 
Watt  pointed  it  out  as  the  readiest  way  of  procuring 
hydrO'Carl<mate  for  the  purposes  of  pneumatic  medi^ 
cine^.  This  is  the  gas,  accordingly,  which  has  been 
commonly  employed  when  the  effects  of  carbureted 
hydrogen  on  the  animal  system  were  investigated. 
Cruikshanks  examined  it  during  his  experiments  on 
carbonic  oxide  §,  and  it  has  been  lately  subjected  to  ana- 
lysis by  Dr  Henry  ||. 

This  gas  burns  with  a  deep  blue  flame  like  carbonic 
oxide,  and  is  equally  injurious  to  life.  From  the  ex- 
periments which  we  have  on  this  gas,  it  cannot  be 
doubted  that  it  varies  considerably  at  different  times^ 


*  Pficsdey,  i .  at4.  f  Mem.  Par.  1 7S  r ,  p.  45S. 

X  Beddoes  and  Wat%  m  Fattitlout  Art.    \  NlchoUob*a  4to«  Jmr*  t.  I* 
1^  Nich^^n*!  /(Mrr;  x:.  p.  ^^ 
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■tccordtag^lt)  the  proportion  of  water  and  the  degree*  of  Ch»p.  il  ' 
heat  ttOfSnyt^.  The  difference  of  i»  specific  frraviiy. 
I  consider  as  a  demonstration  of  this.  Lavoisier  and 
Meusnter  found  it  0-219,  that  of  air  being;  i-ooo  "; 
while  Cniikshanks  got  it  as  high  as  o-4ti»,  or  al- 
most doublet.  According  to  the  former,  100  cu- 
bic tnches  weigh  8*06  grains  ;  according  to  the  lat- 
ter, they  weigh  14-50  grains.  The  gas  examined  by 
Henry  seems  lo  have  been  a  little  lighter  ihan  ihe  gas 
of  Mr  Cruiksbanks.  Dr  Henry  considers  this  gas  as 
a  mixture  of  hydrogen  gas  with  carbonic  oxide,  and 
perhaps  a  little  carbureted  hydrogen.  The  results  ob- 
tained  by  him  by  combustion,  accord  very  weil  with 
this  notion  ;  he  found  that  100  measures  of  this  gas, 
when  detonated  with  flo  of  oxygen,  left  35  measures 
of  carbonic  acid.  Let  us  suppose  ihat  these  33  inches 
of  carbonic  acid  were  formed  by  the  union  of  oxygen 
and  carbonic  oxide  :  they  weigh  lo■■2^  grains,  and  are 
composed  of  11*I5  grains  carbonic  oxide,  and  5'12 
oxygen,  which  would  make  37  inches  of  carbonic  oxide 
and  l5  of  oxygen.  Supposing  these  31  measures  to 
bavc  existed  in  the  gas  before  the  combustion,  there 
will  remain  to  be  accounted  for  63  incites,  which,  if 
we  suppose  it  hydrogen,  would  require  31  inches  of 
oxygen  ;  but  45  inches  of  oxygen  have  been  consumed. 
Our  supposition,  then,  does  not  tally  exactly  with  the 
phenomena  :  to  make  them  accord,  il  would  be  neces- 
sary to  suppose  the  gas  from  moist  charcoal  a  mixture 
of  louiewhat  less  carbonic  oxide  and  hydrogen,  aud  to 
auke  up  the  lOU  by  supposing  a  quantity  of  carbure- 
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ted  hydrogen  present.    Bat  in  the  present  sWe  of  nn- 
oerteinty,  it  is  unnecessary  to  proceed  any  fiitlher  irith 
the  ittftestigation. 
^^^  13.  The  gas  obuincd  by  the  distillation  of  wood 

bums  with  a  much  whiter  flame  than  that  from  cbar« 
coal :  yet  Dr  Henry  fonnd,  that  100  measnres  of  gas 
from  oak.  required  only  54  measures  of  oxygen  to  sa- 
turate it,  and  produced  33  measures  of  carbonic  acid. 
This  result  induces  him  to  consider  it  as  a  mixture  of 
the  same  gases  as  the  last,  but  in  different  proportions. 
Gas  frtm  The  gas  from  dried  peat  differs  considerably  in  its 

^*^  properties,  according  to  the  qualities  of  the  pen^  and 

the  mode  employed  in  procuring  it.  I  have  obtained  no 
less  than  four  kinds,  and  Dr  Henry  procured  and  exa- 
mined another  altogether  different.  Its  specific  gravity 
varies  from  0.813  to  0*008.  It  bums  sometimes  with 
a  white,  sometimes  with  a  blue  flame;  100  cubic 
inches  of  the  heaviest  kind  consume  100  inches  of  oxy- 
gen,  and  form  80  inches  of  carbonic  acid ;  100  inciies 
of  the  lightest  kind  consume  100  inches  of  oxygen, 
and  form  60  inches  of  carbonic  acid  gas  *•  It  is  pro- 
bably a  mixture  of  two  different  gases,  and  its  diffisrent 
properties  are  most  likely  owing  to  a  variation  in  their 
proportions.  One  of  these  gases  I  conceive  to  be  car- 
bonic oxide ;  but  I  think  I  have  shown  that  the  other  is 
a  gas  not  yet  obtained  or  examined  in  a  separate  state. 
If  this  last  gas  shall  be  found  to  contain  oxygen  as  a 
constiment,  which  is  not  unlikely,  it  will  constitute  a 
triple  compound,  to  which  the  name  of  oxy^carhtrHid 
bjdrogen  may  be  applied. 


*  See  my  cxperimentt  on  it  in  Nichebon'f  /wr.  xvi.  341. 
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The  gas  obtained  hj  distilling  coal  burns  with  great   ^ChyJtl. 
brilliancy.     Dr  Henry  considers  it  as  a  mixture  of  car*   pitcotL 
buieted  hydrogen  with  some  carbonic  oxide  and  ole- 
fiant  gas. 

The  gases  obtained  from  oil  and  wax  by  distillation   OiU  and 
are  carbureted  hydrogen  gas  ;  bnt  the  first  contains  j-  of  *^^^ 
its  bolk^  and  the  other  ^  its  bulk  of  olefiant  gas.     The 
olefiant  gas  is  present  also  in  the  gases  obtained  by 
passing  camphor,  ether,  or  alcohol,  through  hot  tubes  *• 


SECT.  III. 


OF    PHOSFRORUS. 


Phosphorus,  the  third  of  the  simple  combustibles,  may  Mcthad  ei 
be  procured  by  the  following  process :  Let  a  quantity  ^SZSL. 
of  bones  be  burnt,  or,  as  it  Is  termed  in  chemistry,  r/iA. 
fined,  till  they  cease  to  smoke,  or  to  give  out  any  odour, 
and  let  them  afterwards  be  reduced  to  a  fine  powder. 
Put  100  parts  of  this  powder  into  a  bason  of  porcelain 
or  stoneware,  dilute  it  with  four  times  its  weight  of 
water,  and  then  add  gradually  (stirring  the  mixture 
after  every  addition)  40  parts  of  sulphuric  acid.  The 
mixture  becomes  hot,  and  a  vast  number  of  air-bubbles 
are  extricated  f .  Leave  the  mixture  in  this  state  for 
24  hours  }  taking  care  to  stir  it  well  every  now  and 
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Bo^l.  then  with  a  glass  or  porcelab  rod  to  t&abte  the  add  l» 
act  apon  the  powder  *. 

The  whole  is  now  to  be  poared  on  a  filter  of  doth ; 
the  liquid  which  runs  through  the  filter  is  to  be  recei- 
ved in  a  porcelain  bason ;  and  the  white  powder  which 
remains  on  the  filter,  after  pure  water  has  been  poured 
on  it  repeatedljy  and  allowed  to  strain  into  the  porodain 
-bason  bdow,  being  of  no  use,  may  be  thrown  awaj* 

Into  the  liquid  contained  in  the  porcelain  bason,  whicb 
has  a  verj  acid  taste,  nitrate  of  leadf ,  dissolved  in  wa- 
ter, is  to  be  poured  slowly ;  a  white  powder  immediate- 
ly falls  to  the  bottom :  the  nitrate  of  lead  must  be  added 
as  long  as  any  of  this  powder  continues  to  be  formedt 
Throw  the  whole  upon  a  filter.  The  white  powder 
which  remains  upon  the  filter  is  to  be  well  washed,  al- 
lowed to  dry,  and  then  mixed  with  about  one-sixth  of 
its  weight  of  charcoal  powder.  This  mixture  is  to  be 
put  into  the  earthen  ware  retort  (fig.  5.  £•)  The  re- 
tort is  to  be  put  into  a  furnace,  and  the  beak  of  it  plun- 
ged into  a  vessel  of  water,  so  as  to  be  just  under  the 
surface.  Heat  is  now  to  be  applied  gradually  till  the  re- 
tort be  heated  to  whiteness.  A  vast  number  of  air- 
bubbles  issue  from  the  beak  of  the  retort,  some  of 
which  take  fire  when  they  come  to  the  surface  of  the 
water.     At  last  there  drops  out  a  substance  which  has 


*  f  ourcroy  md  Vauquelin,  Mtm,  Je  V  Inst,  ii.  s8s. 

f  A  Htit  to  ^  described  io  a  subiequene  ptn  of  this  Work.  It  w- 
swers  better  thtn  acetate  of  lead,  as  was  first  pointed  out  by  Oiobert, 
and  more  lately  by  Mr  Hume.  See  Giobert'a  process,  Amu,  dt  CKm^  lii. 
1$,  and  P6U..Mm^.  la.  t6o. 
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the  appearance  of  melted  wsm,  and  which  congeals  un-      Clap,  n, 
dcr  the  water*.     Thij  substance  Mfihoiohorui. 

It  wiasaccidenlnlly  discovered  b^  Brandt,  x  cbemUt  Hixoryof 
of  Hamburgh,  in  the  year  I669t,  as  he  was  attempt-  ^^^f"^ 
tng  to  extract  from  human  urine  a  liquid  capable  of 
converting  silver  into  gold.  He  showed  a  specimen 
nf  it  to  Kunicel,  a  German  chemist  of  considerable 
eminence,  who  mentioned  the  fact  as  a  piece  of  news 
fo  one  Kraft,  a  friend  of  hit  at  Dresden.  Kraft  im- 
mediately repaired  to  Hamburgh,  and  purchased  the 
MCret  from  Brandt  for  200  dollars,  exacting  from  him 
at  the  same  time  a  promise  not  to  reveal  it  to  any  other 
person.  Soon  after,  he  exhibited  his  phosphorus  pub- 
licly in  Britain  and  France,  expecting  doubtless  that  it 
woald  make  his  fortune.  Kunkel,  who  had  memioned 
to  Kraft  his  intention  of  getting  possession  of  the  pro- 
cess, being  veced  at  the  treacherans  conduct  of  his 
friend,  attempted  to  discover  it  himself;  and  about  the 
year  ]S14he  succeeded,  though  be  only  knew  from 
Brandt  that  urine  was  the  substance  from  which  phos- 
phorus hiid  been  procured  %.  Accordingly  he  is  always 
reckoned,  and  deservedly  too,  as  one  of  the  discoverers 
of  phosphoru!. 

Boyle  likewise  discovered  phosphorus.     Letbaitiin. 
deed  afTirnis,  that  Kraft  taught  Boyle  the  whole  pro- 


*  The  ihenry  of  ihii  {trotFi*  will  be  (ipUincd  iftcrtnrdi. 

t  HomhcTg.  Mrm.  Fir.  16^1.  An  ucuuni  of  ic  ii  published  in  the 
nUfi^ii"^  T'lindificni  Tdt  l6ii.  firic  b^  Stvmiut,  and  tbta  bf  Dr 
Starr. 

t  Th!>  ii  RuDkel'i  own  arnmnr.  See  tut  Laitnttr'am  Chjmiiam, 
p.  660.    See  >I»  Wiegleb-<  Ccbidu  in  H't^ialw^tmUr  ErJMtfr^ 

Et      "'' 
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^^J;    cesst  aii4  Kraft  dedsired  the  saoie  thing  to  St^l.    Bat 
^■■y    ■  *   surely  the  ttsertion  of  t  dealer  in  secrets,  and  one  who 
\    •  bad  deceived  his  own  friend,  on  which  the  whole  of 

this  story  is  founded,  cannot  be  pat  in  competition  with 
the  afiinnation  of  a  man  like  Boyle,  who  was  nol  only 
one  of  the  greatest  philosophers,  but  likewise-one  of  the 
most  virtuous  men  of  his  age ;  and  he  posttively  aa» 
silrea  as>  that  he  made  the  discovexy  without  being  pre- 
viously acquainted  with  the  process*. 

Mr  B^k  revealed  the  process  to  his  assistant  Grod- 
fiey  Hankwitz,  a  London  apothecary,  who  continued 
for  many  years  to  supply  all  Europe  with  phosphorus* 
Hence  it  was  known  to  chemists  by  the  name  of  Emglitb 
fiotpiorusf.  Other  chemists,  indeed,  had  attempted  to 
produce  it,  but  seemingly  without  successt,  till  in  1731 
a  stranger  appeared  in  Paris,  and  offered  to  make  phoa* 
phoms.  The  French  gDirerooient  granted  him  a  re- 
ward fat  Gommunicating  bia  process.  Hellot,  DuCay, 
Geoffroy,  and  IKihsmel^  «tw  him  execute  it  with  sue* 
cess  ;  and.Hellot  published  a  very  full  account  of  it  in 
the  Memoirs  of  the  French.  Academy  for  1737. 

It  consisted  in  evaporating  putrid  urine  to  dryness, 
heating  the  inspissated  residue  to  redness,  washing  it 
with  water  to  extract  the  salts,  drying  it,  and  then  rai- 
sing it  gradually.  SB  stone- ware  retorts  to  the  greatest 
intensity  of  hml^*  It  was  disgustingly  tedious^  very 
expensive,  and  yfelded  but  a  small  quantity  of  produce. 
The  celebrated  Margraf,  who  informs  us  that  he  had 


*  Boyle's  H^trh  abridged  by  Shaw,  iii.  174. 

j  S^e  HoiFman^s  experiments  on  it,  publifhed  id  t7as  in  Kit  Olffrv^j; 

Pfyi.  Cbyfn,  Select.  fl~3D4. 
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devoted  himself  at  a  very  early  period  to  the  investiga-  ^^"^^ 
tioR  of  phosphorus,  soon  after  published  a  much  (dotc 
e?[pedittou3  and  produclive  process  ;  for  the  first  hint  h*^*i) 
of  which  he  was  indebted  to  Henkel.  It  consisted  in 
mixing  a  salt  conMsling  chiefly  of  lead  with  the  impis- 
Mted  mine.  He  even  found  that  urine  contained  a  pc. 
collar  sail*,  which  yielded  phosphorus  when  beucd 
with  charcoal  f . 

In  the  year  176P,  Gahn,  a  Swedish  cbeioit',  diico- 
TCted  that  phosphorus  is  contained  in  bones  %  ;  and 
Scbcelc  j,  very  soon  after,  invented  a  process,  for  ob. 
tuning  it  from  them.  Phosphorus  is  now  generally 
procured  in  that  manner.  The  process  described  in  the 
beginning  of  this  Section  is  ihat  of  Fourcroy  and  Vau- 
qudin.  The  usual  process  followed  by  maniifacturprs 
of  phosphorus  is  an  improvement  on  that  of  Scbeele, 

Soon  after  the  discovery  of  phosphorus,  many 
cxperimcnis  on  it  were  oiade  by  Slare  and  Boyle. 
Hoffman  published  a  dissertation  on  it,  containing  some 
curious  facti,  in  1722  ;  but  Margraf  was  the  first  who 
investigated  its  efTecls  upon  other  bodies,  and  the  na- 
utre  of  the  combinations  which  it  forms.  The  &abjecl 
was  resumed  by  Pelletier,  and  continued  with  much  in- 
try  and  success.     Lavoisier's  experiments  were  still 
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\  Mi-sil.  BrnC™,  1740,  vi.  J4.;  ini  Mai.  Aa./,  B/r/w,  1746,  p.  (4; 

J  Bcrgmac'i  Noiiim  Sitrffir. 

{  CrcU.  in  tii*Ufc  ef  Scheie, informi  tii,  [hat  Scheclc  hinucir  nu  llic 
4iK0«rer  «f  [he  Taci.  Thit,hea7»,  ippcui  [leariy  fioma  printed  In- 
la  nf  $ch«Ie  to  Gahn,  who  wai  bcTore  looked  upco  ai  ihe  ilucoveier. 
Sc«  Crell't  A(i*'f ,  Engliih  Tr»ns.  i.  i). 
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more  important,  and  constitute  indeed  a  memoiibic  t 
in  chemical  science. 

1.  Photphonis,  wlien  pure,  is  semi-uanspaient,  apd 
of  %  yellowiib  colour:  but  when  kept  some  time  Jn 
water,  it  becomes  opaque  externally,  and  then  has  a 
great  resemblance  to  white  wax.  Its  consistence  is 
nearly  that  of  wax.  It  may  be  cut  with  a  knife,  or 
twisted  to  pieces  with  the  fingers.  It  is  insoluble  in 
water.     Its  mcBn  specific  gravity  is  l-lio. 

8.  It  melts  at  the  tempcraiure  of  99  "*.  Care  nutt 
be  taken  to  keep  phosphorus  under  water  when  melted ; 
for  it  il  so  combustible,  that  it  cannot  easily  be  melted 
in  the  open  air  without  taking  fitc.  When  pbosphoruf 
ia  newly  prepared,  it  is  always  ilirty,  being  mixed  witb 
a  quantity  of  charcoal  dust  and  other  impurities.  These 
impurities  may  be  separated  by  melting  it  imder  water, 
and  then  squeezing  it  through  a  piece  of  clean  :>hamoii 
leather,  it  may  be  formed  into  sticks,  by  putting  it 
I  into  a  glass  funnel  with  a  long  tube,  slopped  at  the  bot> 
torn  with  a  cork,  and  plunging  the  whole  under  warm 
water.  The  phosphorus  melts,  and  assumes  Ibc  shape 
of  the  tube.  When  cold,  it  may  be  easily  pushed  out 
with  a  bit  of  wood. 

If  air  be  excluded,  phosphorus  evaporates  at  £19*, 
and  boils  at  55*'  t- 

3.  When  phosphorus  is  exposed  to  the  atmosphere, 
it  emits  a  white  smoke,  which  bas  the  smell  of  garlic, 
and  is  luminous  in  the  dark.  This  smoke  is  more  a- 
bundant  the  higher  the  temperature  is,  and  is  occauooetl 


•  Vt3ktia,Jfin>ttdtnftljtti, 
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by  the  gradual  combustion  of  the  phosphorus,  which     Chip.  1 1.^ 
«t  last  disappears  altogelber. 

4.  When  a  bit  of  phosphorus  is  put  into  ft  glass  jur    Rulubkin 
CUed  with  ozygeo  gas,  part  of  the  phosphonis  is  dia-   " 
solved  by  the  gas  at  the  temperature  of  60°  ;  but  the 
phosphorus  does  not  beconie  luminous  nttless  its  tem- 
perature  be   taised  to  60°*.      Hence  we  learn,  that 
phosphorus  burns  at  a  lower  lempcrHture  in  common 

air  than  in  oxygen  gas.  This  slow  combustinn  of  phos- 
phorus, at  the  common  temperature  of  the  aimotpberc, 
rendcts  it  necessary  to  keep  phosphorus  in  phials  filled 
with  water.  The  water  should  be  previously  boiled  to 
expel  a  little  air,  which  that  liquid  luualty  contains. 
The  phials  should  be  kept  in  a  dark  place;  for  when 
phosphorus  is  exposed  to  the  light,  it  soon  becomes  of 
a  white  colour,  which  gradual!/  changes  to  a  dark 
brown. 

5.  When  heated  to  148",  pbosphenu  takes  fire  and  CMi*eTt»l 
bums  with  a  very  bright  flame,  and  gives  out  a  great  butiion" 
quantity  of  white  smoke,  which   is  luminous  in  the 

dark  ;  at  ilie  same  time  it  emits  an  odour  which  has 
some  rexmbUnce  to  that  of  garlic.  It  leaves  no  resi- 
doutni  but  the  white  smoke,  when  collected,  is  found 
to  be  an  acid,  Stahl  considered  this  acid  as  the  muri- 
atic f.  According  to  him,  phosphorus  is  composed  of 
muriatic  acid  and  phlogiston  X,  and  the  combustion  of 


•  FourtroT  »nd  Vmqudin,  ,iiiaki  A  Ckimt,.  lit  196, 
.   t1^*>»]ihiDbc>ftcrwirilideKr>bed. 

I  The  ttim  ^tfiilan  wu  applied  bf  Siihl  ind  bia  Ibllownt  in  1 
Mktaoie  wbicb,  actordiof;  to  them,  ni&U  in  i\]  combuBlililc  bodici,  ud 
MptfUodariDglambuitioD,  A  tkctfhof  their  rhcorf  will  be  given  in 
Ifcc  nrxt  SiciiDii,  in  which  we  ihiU  trctt  of  lulphur,  on  which  the  bf- 


*U  SIMFLE  CSOIUBminftLES. 

lloolt  t      it  is  ttkorelr  the  separttf oil  of  phlo^Mni    lie  tvtn  dt- 
i_  dared,  that  to  make  phosphorus,  oothihg  mate  is  neces- 

taxy  than  to  oombioe  omrifltic  acid  and  phlofgiatoa  *• 

These  aseertions  having  gained  iniplicit  credit*  the 
compoaition  and  natore  of  phosphorus  were  considet^ 
at^  complete^  understood,  till  Margraf  of  Berlin  pu« 
hlished  his  ezperiments  in  the  year  1*T4(^.     That  great 
sna%oot  of  those  illustrious  philosophers  who  have  con* 
tributed  so  much  to  the  rapid  increase  of  the  science, 
distinguished  equally  by  the  ingenuity  of  his  experi- 
ments and  deamess  of  his  reasoning,  attempted  to  pro- 
dttoe  phosphorus  by  combining  together  phlogiston  and 
saotistic  add :  but  though  he  varied  his  process  a  thou- 
sand ways,  presented  the  acid  in  many  different  states, 
and  employed  a  variety  of  substances  to  furnish  phlo- 
giston^ all  his  attempts  failed,  and  he  was  obliged  to 
Into  phot-     S^^^  ^P  ^^^  combination  as  impracticable.     On  eza- 
phoricadd;  iniatng  the  acid  produced  during  the  combustion  of 
phosphorus,  be  found  that  its  properties  were  very  dif- 
ferent from  those  of  muriatic  acid.     It  was  therefore  a 
distinct  substance  f.     The  name  oi  phosphoric  acid  was 
given  to  it ;  and  it  was  concluded  that  phosphorus  is 
Composed  of  .this  add  united  to  phlogiston. 

But  it  was  observed  by  Margraf,  that  phosphoric 
add  is  heavier  than  the  phosphorus  from  which  it  was 
produced;  4ind  Boyle  had  long  before  shown  that  phos- 
phorus would  not  bum  except  when  in  contact  with  air. 
These  facts  were  sufficient  to- prove  the  inaccuracy *of 
the  theory  concerning  the  composition  of  phosphorus  ; 
but  thciy  remained  themselves  unaccounted  for,  till  La* 


*  Stahl*s  Tbrte  BwUrti  Ett^lwunu.  f  Matftirt  0^.  1.56. 
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▼oiftier  published  those  celebrated  experiments  which    ^Chip.!!.^ 
threw  so  mach  light  on  the  nature  and  composicion  of 
acids*. 

He  exhausted  a  glass  globe  of  air  bj  means  of  an   which  !• 
air-pump ;  and  after  weighing  it  accurately,  he  filled  it  {.***]F^2r' 
with  oxygen  gasy  and  introduced  into  it  100  grains  of  wichoxy- 
phosphorus*     Hie  globe  was  furnished  with  a  st6p«  ** 
cod&,  bj  which  oxygen  gas  could  be  admitted  at  plea- 
sure.    He  set  fire  to  the  phosphorus  by  means  of  a 
boraing  glass.    The  combustion  was  extremely  Tapid, 
accompanied  by  a  bright  fiame  and  much  heat.     Large 
quantities  of  white  flakes  attached  themselves  to  the 
inner  surface  of  the  globe,  and  rendered  it  opaque ;  ilnd 
these  at  last  became  so  abundant,  that  notwithstanding  ^  • 

the  constant  supply  of  oxygen  gas  the  phosphorus  was 
extinguished.  The  globe,  after  being  allowed  to  cool, 
was  again  weighed  before  it  was  opened.  The  quahtity 
of  oxygen  employed  during  the  experiment  was  ascer^ 
tained,  and  the  phosphorus,  which  still  remained  un- 
changed, accurately  weighed.  The  white  flakes,  which 
were  nothing  else  than  pure  phosphoric  abid,  tvvre 
found  exactly  equal  to  the  weights  of  the  phosphorus 
and  oxygen  which  had  disappeared  during  the  pro- 
cess. Phosphoric  acid  therefore  must  have  been  form- 
ed by  the  combination  of  these  two  bodies  ;  for^e  ab- 
solute weight  of  all  the  substances  together  was  the 
same  after  the  process  as  before  itf.  It  is  iinpossible, 
tTten,  for  phosphorus  to  be  composed  of  phosphoric  acid 
and  phlogiston,  as  phosphorus  itself  enters  into  the  com- 
position of  that  acid. 


*  MetH,  Par,  1778  and  X78a 

t  LiYoiiicr*!  Cbcmijtry^  Pwt  I.  chap.  ▼. 
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m^^t        1^^  ^^  combiistioQ  of  phosphonis,  like  that  of  kjm 

<  1'^     mt  drogea  and  carbon,  is  nothing  else  than  its  combination 

with  oxjgeo  :  for  during  the  process  no  new  substance 

appears,  except  the  acid,  accompanied  indeed  with  nmch 

heat  and  light. 

From  Lavoisier's  experiment  it  follows,  thai  100 
parts  of  phosphorus,  during  this  combustion,  unite  with 
154  parts  oxygen.  So  that  a  grain  of  phosphorus  con* 
deiues  no  less  than  4t  cubic  inches  of  oxjgen  gas ;  and 
five  grains  are  capable  of  depriving  102^  cubic  inches 
of  air  of  all  its  oxygen  gas. 

6.  Though  pure  phosphorus  does  not  take  fire  till 
it  be  heated  to  148^,  it  is  nevertheless  true,  that  we 
Dtideof  VM^i  with  phosphorus  which  bums  at  much  lower 
f^otf^ent,  temperatures.  The  heat  of  the  hand  often  makes  it 
bum  vividly »  nay,  it  sometimes  takes  fire  when  merely 
exposed  to  the  atmosphere.  In  all  these  cases  the 
phosphorus  has  undergone  a  change.  It  is  believed  at 
present,  that  this  increi^  of  combustibility  is  owing  to 
a  small  quantity  of  oxygen  with  which  the  phosphorus 
has  combined.  Hencei  in  this  state,  it  is  distinguished 
by  the  name  of  oxiik  of  phosphirus.  When  a  little 
phosphorus  is  exposed  in  a  long  narrow  glass  tube  to 
the  heat  of  boiling  water,  it  continues  moderately  lu« 
minous,  and  gradually  rises  up  in  the  state  of  a  wbife 
vapour,  which  lines  the  tubes.  This  vapQur  is  the  ox- 
lir  of  phosphofus.  This  o:|ide  has  thp  i^ppearance  pf 
fine  white  flakes,  whiph  cohere  together,  and  is  more 
bulky  than  the  original  phosphorus.  When  slightlj 
heated  it  takes  fire,  and  bums  brilliantly.  £xpose4 
to  the  air,  it  attracts  moisture  with  avidity,  and  is  con« 


verted  into  aa  acid  liquor*.  When  a  little  pbosphonis  Ch^lf.^ 
la  thus  oxidiiLed  in  a  small  tin  box  by  beating  it^  the 
axide  acquires  tbe  property  of  uking  fire  when  exposed 
io  the  4ir*  In  this  state  it  is  often  used  to  light  cand1e\ 
imder  ibo  oame  olphotpboric  matches  i  the  phosphorus 
l^iag  looaetimes  mixed  with  a  little  oU>  sometimes  with 
lulpbur. 

When  phosphorus  is  long  acted  on  by  water,  it  is 
covered  at  last  with  a  white  crust*  which  is  also  consi« 
defcd  ftf  an  oxide  of  phosphorus ;  but  it  differs  eonsi* 
dccaUy  from  tht  oxide  just  described*  It  is  brittle*  les9 
fiisiblei  and  much  less  combustible.'  than  phosphoru) 
itselff*  Phosphorus,  when  newly  prepared,  nsually 
cootainf  some  of  this  last  oxide  of  phosphorus  milled 
Wilh  it  {  but  it  mi^y  be  easily  separated  by  plunging 
tb6  inasi  into  water  heated  to  aboqt  100^.  The  pbos- 
phorut  meltSy  while  the  oxide  remains  unchanged,  and 
swims  upon  the  surface  of  the  melted  phosphorus. 

7.  When  bits  of  phosphorus  arc  kept  for  some  hours  ??y?^T^ 
ia  hydrogen  gas,  part  of  the  phosphorus  is  dissolved,  goi  gUp 
This  compound  gat,  to  which  Fourcroy  and  Vaque* 
lloy  ihe  discoverers  of  it,  have  given  the  name  otpbos^ 
phmzed  hydr^gtm  gas,  has  a  slight  smell  of  garlic. 
When  bubbles  of  it  are  made  to  pass  into  oxygen  gas, 
4  vc^  brilUiuit  bluish  flame  is  produced,  which  per* 
vadcs  the  whole  vessel  of  oxygen  gas.  It  is  obvious 
thai  this  flam^  b  the  consequence  of  the  combustion  of 
Cb^  dii^vcd  phosphorus  t*     . 

When  phosphorus  is  introduced  into  a  glass  jar  of  ^^mp^ 
hydrogen  gas  standing  over  mercury,  and  then  melted  dragea  gu. 
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2ook  T.  by  means  of  a  burning  glass,  the  hydrogen  gas  dissolvef 
a  much  greater  proportion  ot  it.  The  new  componnd 
thus  formed  has  received  the  name  of fbasplmrf ted  iy* 
drogen  gas.  It  was  discovered  in  1783  bj  Mr  Geo« 
gembre*  ;  and  in  1784  bj  Mr  Kirwan,  before  he  be- 
came acquainted  with  the  experiments  of  Geogembre. 
But  for  the  fullest  investigation  of  its  properties^  w« 
are' indebted  to  Mr  Raymond,  who  published  a  disser- 
tation on  it  in  1791t,  and  another  in  I800t«  These 
philosophers  obtained  the  gas  by  a  di£Rerent  prooesi^ 
which  shall  be  afterwards  described:  but  in  whatever 
manner  it  is  prepared,  its  properties  are  always  die 
same, 
loproper-  j^  ^izt  a  very  fetid  odour,  similar  to  the  smell  of  pB« 
trid  fish.  When  it  comes  into  contact  with  commoa 
air,  it  bums  with  great  rapidity;  and  if  mind' with 
Ihat  air,  it  detonates  violently.  Oxygen  gas  prodoocs 
a  still  more  rapid  and  brilliant  combustion  than  eooi^i 
men  air.  When  bubbles  of  it  are  made  to  pass  up 
through  water,  they  explode  in  successton  as  they 
reach  the  surface  of  the  liquid ;  a  beautiful  coronet  «C 
white  smoke  is  formed,  which  rises  alowly  to  the  ceil* 
ing.  This  gas  is  one  of  the  most  combustible  subttas* 
ces  known.  It  is  obvious,  that  its  combustion  is  merv- 
]y  the  combination  of  its  phosphoms  and  its  hydr6gea 
with  the  oxygen  of  the  atmosphere ;  the  products,  of 
course,  are  phosphoric  acid  and  water.  These  two  sub- 
stances mixed,  or  rather  combined,  constitute  the  coronM 
of  wbite  smoke. 


cm 


*  Mem.  Scam,  Strang,  z,  f  -^^  ^  Cbim.  z.  I9. 

t  Ibid.zzzv.4S5. 
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Pure  water,  when  agitated  in  contact  with  this  gas,  Chap.  IL  ^ 
diaaolves  at  the  temperature  of  between  50®  and  60® 
mbout  the  foarth  part  of  its  bulk  of  it*.  The  solu- 
tion is  of  a  colour  not  unlike  that  of  roll  sulphur ;  it 
has  a  very  bitter  and  disagreeable  taste,  and  a  strong 
unpleasant  odour.  When  heated  nearly  to  boiling,  the 
whole  of  the  phosphureted  hjrdrogen  gas  is  driven  off 
unchanged,  and  the  water  remains  behind  in  a  state  of 
parity.  When  exposed  to  the  air,  the  phosphorus  is 
gradually  deposited  in  the  state  of  oxide  ;  the  hydrogen 
gas  makes  its  escape ;  and  at  last  nothing  remains  but 
pore  waterf  • 

When  electric  explosions  are  passed  through  this 
gas,  its  bulk  is  increased  precisely  as  happens  to  car- 
bureted hydrogen.  The  water  which  it  contains  is  de- 
composed, phosphoric  acid  formed,  and  hydrogen  gas 
evolvedt*  We  are  neither  acquainted  with  the  specific 
gravity^  nor  with  the  proportion  of  the  constituents  of 
this  gas. 

8.  Phosphorus  is  capable  of  combining  with  car-  photphuret 
bon.  This  compound,  which  has  received  the  name  o^  carbon. 
q£  fhoj^burtt  of  jcarhon^  was  first  examined  by  Mr 
PxQOSty  the  celebrated  professor  of  chemistry  in 
Spain*  It  ii  the  red  substance  which  remains  be- 
hind^ when  new-made  phosphorus  is  strained  through 
shamois  leather.  In  order  to  separate  from  it  a  sma|| 
quantity  of  phosphorus  which  it  contains  in  excess,  it 


#  Such  wit  the  remit  oblsuDcd  by  lUjmond*  Dr  Henry  found  that 
lOO  tnchet  of  water  took  up  only  1M4  inches  of  this  gat  at  the  tempera - 
tare  of  60^.    See  HiU  Traat.  1S03,  p.  174. 

I  Raymoofl,  Amm, de  Chim,xxrr.  133. 

I  Hcary,  Micbolaoa'i  guarto  Jaur.  ii,  247^ 
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^^2l^     should  be  put  into  a  retort,  and  exposed  for  semie  tiine 
w  to  a  moderate  heat.      What  remains  behind  in  the 

retort  is  the  pure  phosphnret  of  carbon.  It  is  a 
light,  flockj  powder,  of  a  lively  orange  red^  without 
taste  or  smell.  When  heated  in  the  open  air  it  boms 
rapidly,  and  a  quantity  of  charcoal  remains  behind. 
When  the  retort  in  which  it  is  formed  is  heated  red  hot, 
the  phosphorus  comes  over,  and  the  charcoal  remams 
behind*. 

ftmfknr  9.  Such  are  the  properties  of  phosphorus,  and  the 

compounds  which  it  forms  with  oxygen,  hydrogen,  and 
carbon.  It  is  capable  likewise  of  combining  with 
many  other  bodies :  the  compounds  produced  are  called 
phosfhttrets. 

10.  Phosphorus,  when  used  internally,  is  poiso- 
nousf  •  In  very  small  quantities  (as  one  fourth  of 
a  grain),  when  very  minutely  divided,  it  is  said  bf 
Leroi  to  be  very  efficacious  in  restoring  and  establish- 
ing the  force  of  young  persons  exhausted  by  sensual 
indulgence  t ;  that  is,  I  suppose,  in  exciting  the  vene« 
real  appetite. 

1 1.  Though  nobody  has  hitherto  succeeded  in  asoer* 
taining  the  constituents  of  phosphorus,  there  is  everj 
reason  to  consider  it  as  a  compound.  When  acted  upon 
by  a  powerful  galvanic  battery^  Mr  Davy  found  that 
it  emitted  hydrogen  in  considerable  qoantity.  Hence 
it  U  not  unlikely  that  hydrogen  is  one  of  its  constitQents. 
The  other  has  not  yet  been  observed  m  a  separate  states 
but  analogy  renders  it  not  improbable  that  it  will  be 
found  to  be  of  a  metallic  nature. 


t  IUchtlm^VWW;iM.|s. 
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SECT.  IV. 


OF  SULFHUR. 


Sulphur,  distinguished  also  by  the  name  of  brhnstmiff 
was  known  in  the  earliest  ages.  Considerable  quanti- 
ties of  it  are  found  native,  especiallj  in  the  neighbour* 
hood  of  volcanoes,  and  it  is  procured  in  abundance  bj 
$objecting  the  mineral  called  pyrites  to  distillation. 
The  andenu  used  it  in  medicine,  and  its  fiimes  were 
employed  in  bleaching  wool*. 

1.  Sulphur  is  a  hard  brittle  substance,  commonly  of  pk^pcrtiM^ 
a  yellow  colour,  without  any  smell,  and  of  a  weak 
though  perceptible  taste. 

It  is  a  non-conductor  of  electricity,  and  of  course  be« 
eomes  electric  by  friction.    Its  specific  gravity  is  1*090. 

Sulphur  undergoes  no  change  by  being  allowed  to 
remain  exposed  to  the  open  air.  When  thrown  into 
water,  it  does  not  melt  as  common  salt  does,  but  £slls 
to  the  bottom,  and  renuuns  there  unchanged:  It  is 
therefore  insoluble  in  water> 

2.  If  a  considerable  piece  of  sulphur  be  exposed  to  a  Actkn  «£ 
sodden  though  gentle  heat,  by  holding  it  in  the  hand,  ^^*'* 
for  instance,  it  breaks  to  pieces  with  a  crackling  noise. 

When  sulphur  is  heated  to  the  temperature  of  about  Flowers  of 
no®,  it  rises  up  in  the  form  of  a  fine  powder,  which  ■*^*'* 
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*  Plioy,  lib.  uav.  c  f  j. 
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Book  T*      rnay  be  easily  collected  In  a  proper  vtnju*     This  pow. 

<M    V  ■  ■ »   der  is  called  Jlowcrs  of  sulphur\.     Wbigiil^bstatices  flj 

off  in  this  manner  on  the  applicadon  of  a  moderate  hear, 

thej  are  called  volatile  ;  and  the  process  itself,  bj  which 

they  are  raised^  is  called  volatili%ationm 

When  heated  to  the  temperature  of  about  218^  of 
Fahrenheit's  thermometer,  it  melts  and  becomes  as  li- 
quid as  water.  If  this  experiment  be  made  in  a  thin 
glass  vessel,  of  an  eg{r  shape,  and  having  a  narrow, 
mouth*,  the  vessel  may  be  placed  upon  burning  cotls 
without  much  risk  of  breaking  it.  The  strong  heat ' 
soon  causes  the  sulphur  to  boil,  and  converts  it  into  a 
brown  coloured  vapour,  which  fills  the  vessel,  and  is- 
sues with  considerable  force  out  from  its  mouth. 
Sulphur  n-  3.  There  are  a  great  many  bodies  which,  after  being 
pahlenfcrj-  dissolved  in  water  or  melted  by  heat,  are  capable  of  as- 
suming certain  regular  figures.  If  a  quantity  of  com- 
mon  salt,  for  instance,  be  dissolved  in  water,  and  that 
fluid,  by  the  application  of  a  moderate  heat,  be  made 
to  fly  off  in  the  form  of  steam ;  or,  in  other  words,  if 
the  water  be  slowly  evaporated^  the  salt  will  fall  to  the 
bottom  of  the  vessel  in  cubes.  These  regular  figures 
are  called  crystals.  Now  sulphur  is  capable  of  crystal- 
lizingt  If  it  be  melted,  and  as  soon  as  its  surface  be- 
gins to  congeal,  the  liquid  sulphur  beneath  be  poured 
out,  the  internal  cavity  will  exhibit  long  needle-shaped 
orjstals  of  an  octahedral  figure.  This  method  of  crys- 
tallizing sulphur  was  contrived  by  Rouelle.    If  the  ez^ 


\  It  is  only  in  this  itate  that  sulphur  is  to  be  found  in  commerce  t^ 
lerably  pure.  Jt»U  tuL^ur  usually  contains  »  consi<knble  portion  of  fo- 
reign bodies. 

*  Such  vessels  are  uraally  caUol  witwHn  cr  flash  by  cbemlnik 
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pericncDt  be  miAe  in  a  glass  vessel,  or  upon  a  flat  pUtc     Chap,  tl,  * 
of  iron,  (he  crystals  will   be  perceived  beginning  to 
>hoot  whim  the  temperature  sinks  to  220°. 

a.  Whens'ilphuris  heated  to  the  temperature  of  500"   cmiett^A 
in  the  open  air,  it  takes  fire  spontaneously,  and  burns   V  '^?™'>"" 
-with  a  pale  blue  flame,   and  ai  the  same  time  emits  a   acid. 
jreat   quantity  of  fumes  of  a  very  strong  suflbcaiing 
odour.     When  set  on  fire,  and  then  plunged  into  a  jar  j 

full  of  oxygen  gas,  it  burnswith  a  bright  violet  colour- 
ed flame,  and  at  the  same  time  emits  a  vast  quantity  of 
lumes.  If  the  heat  be  continued  long  enough,  the  sul- 
phur bums  all  away  without  leaving  any  ashes  or  resi- 
duum.  If  the  fumes  be  collected,  they  are  found  to 
consist  entirely  of  sulphuric  acid.  By  combustion,  then, 
sulphur  is  converted  into  an  acid".  This  fact  was 
known  several  centuries  ago  ;  but  no  intelligible  expla- 
nation was  given  of  it  till  the  time  of  Stahl.  That 
chemist  undertook  llie  task,  and  founded  on  his  experi- 
ments a  theory  so  exceedingly  ingenious,  and  support- 
ed by  such  a  vast  number  of  facts,  that  it  was  in  a  very 
»hort  time  adopted  with  admiration  by  the  philosophic 
world,  and  contributed  not  a  little  to  raise  chemistry  to 
that  rank  among  the  sciences  from  which  the  ridiculous 
pretensions  of  the  early  chemists  had  excluded  it. 

According  to  Stahl,  there   is  only  one  substance  in 
nature  capable  of  combustion,  which  therefore  he  call-   ', 
ed  pHLOalSTO^f ;  and  all  those  bodies  which  can  be  set  ' 


^M  Aciili  uc  a  cbt>  of  compound  foditi,  to  br  atceraardi  dciciibod, 
Huj  are  dintmguiitKtt  by  a  »ur  iisk,  mj  hy  tbe  property  irhich  thcjr 
powcu  of  (hanging  ihc  blue  colour  of  many  icgmble  inrutUHii  (of  the 
imrtn  of  nudiowi,  fvr  inMincc.  or  rtd  cabbage)  to  red. 
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J^\  on  fire  contain  lets  or  more  of  iu  Combustum  is 
merely  the  separation  of  this  substance.  Those  bones 
which  contain  none  of  it  are  of  course  iocombiistible. 
AU  combustibles,  except  those  which  consist  of  pure 
phlogiston  (if  there  be  any  such),  are  composed  of  an 
incombustible  bodj  and  phlogiston  united  together. 
During  combustion  the  phlogiston  flies  ol^  and  the 
incombustible  body  remains  behind.  Now  when  sul- 
phur is  burnt,  the  substance  which  remains  is  sslphurie 
acid,  an  incombustible  body.  Sulphur  therefore  is 
composed  of  sulphuric  acid  and  phlogiston. 

To  establish  this  theory  completely,  it  was  necessary 
to  show  that  sulphuric  acid  can  be  obtained  by  scpara« 
ting  the  phlogiston  from  sulphur,  and  that  sulphur  can 
be  actually  formed  by  combining  together  sulphuric  acid 
and  phlogiston.  Both  of  these  points  Stahl  undertook 
to  demonstrate.  If  potash*  and  sulphur  be  mixed  to- 
gether and  heated,  they  melt  and  form  a  brittle  mass 
of  a  brown  colour,  consistii^  of  the  two  substsmces 
combined  together.  Put  this  compound,  previously  re* 
duced  to  powder,  into  a  flat  open  vessel,  and  expose  it  , 
to  a  gentle  fire,  the  solphur  gradually  disappears,  and 
sulphuric  acid  is  found  in  its  place  combined  with  the 
potash.  In  this  case,  said  Stahl,  the  gentle  heat  dis« 
sipates  the  phlogiston  and  leaves  the  acid.  To  form  the 
sulphur  anew,  it  is  only  necessary  to  present  to  the  acid 
a  body  containing  phlogiston.  Lamp  black  or  charcoal 
is  such  a  body :  for  it  is  combustible,  and  therefore, 
according  to  the  theory  of  Stahl,  contains  phlogiston  : 
vrhen  burnt,  it  leaves  a  very  inconsiderable  residuum. 


lit  J.-  ■■ 


^  The  nature  oi  fu^h  ihaU  aftcswardf  be  explained. 


and  dMiatquently  contains  h^dlj  anj  thing  else  tbaii  ,9^^, 
phlogittflo.  He  mixed  together  in  a  crncihle  the  com- 
poand  con^stiag  of  sulphuric  acid  and  potash,  and  one- 
fourth  part  bj  weight  of  pounded  charcoal,  covered  the 
crucible  with  another  inverted  over  it,  and  applied  n 
strong  heat  to  it.  He  then  allowed  it  to  cool,  and  ex- 
amined its  contents.  The  charcoal  had  disappeared, 
and  there  onlj  remained  ia  the  crucible  a  mixture  of 
potash  and  sulphur  Combined  together,  and  of  a  darker 
colour  than  usual  from  the  residuum  of  the  charcoal. 
Now  there  were  onlj  three  substances  in  the  crucible 
at  first,  potash,  sulphuric  acid,  and  charcoal;  two  of 
these  have  disappeared,  and  sulphur  has  been  found  irt 
their  place.  Sulphur  then  must  have  been  formed  hj 
the  combination  of  these  two.  But  charcoal  consists  of 
phlogiston  and  a  very  small  residuum,  which  is  still 
found  in  the  crucible.  The  sulphur  then  must  have 
been  formed  by  the  combinatioii  of  sulphuric  acid  and 
phlogiston*.  This  simple  and  luminous  explanation 
appeared  so  satisfactory,  that  the  composition  of  sulphur 
was  long  considered  as  one  of  the  best  demonstrated 
truths  in  chemistry. 

There  are  two  facts,  however,^  which  Stahl  either  did   tJiii«tlflfac« 
not  know,  or  did  not  sufficiently  attend  to,  neither  of  ^^' 
which  ia  accounted  for  by  his  theofjr*.  *  The  first  ia^ 
that  suiphor  will  not  bum  if  air  be  coo^iletely  caclu* 
dcd ;  the  secood,  that  sulphuric  acid  is  heavier  than  the 
aolphar  from  which  it  was  pcodnccd* 

l^o  aaxnwt  for  these^  or  £icts  similar  to  these,  sue- 
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dSSJ'i  ^^^*"S  chcmitts  refined  upon  the  theory  of  Stthl^  de- 
*  I  ^  t  prived  his  phlogiston  of  gravity,  and  even  assigned  it 
a  principle  of  levity.  Still,  however^  the  necessitj  of 
the  contact  of  air  remained  nneiq>Iained.  At  last  Mr 
Lavoisier,  who  had  already  distinguished  himself  bj 
the  extensiveness  of  his  views,  the  accuracy  of  his  ex- 
Batkm  by  periments,  and  the  precision  of  his  reasoning,  under- 
took the  examination  of  this  subject,  and  his  experi- 
ments were  published  in  the  memoirs  of  the  Academy 
of  Sciences  for  lin.  He  put  a  quantity  of  sulphur  in« 
to  a  large  glass  vessel  filled  with  air,  which  he  invert- 
ed into  another  vessel  containing  mercury,  and  then  set 
fire  to  the  sulphur  by  means  of  a  burning-glass.  It 
emitted  a  blue  flame,  accompanied  with  thick  vapours, 
but.was  very  soon  extinguished,  and  could  not  be  again 
kindled.  There  was,  however,  a  little  sulphuric  acid 
formed,  which  was  a  good  deal  heavier  than  the  sul* 
phur  which  had  disappeared ;  there  was  also  a  dimino- 
tion  in  the  air  of  the  vessel  proportional  to  this  increase 
of  weight.  The  sulphur,  therefore,  during  its  conver- 
sion into  an  acid,  must  have  absorbed  part  of  the  air. 
He  then  put  a  quantity  of  sulphuret  of  iron,  which  con- 
sists of  sulphur  and  iron  combined  together,  into  a  glass 
vessel  full  of  air,  which  he  inverted  over  water*.  The 
quantity  of  air  ui  the  vessel  continued  diminishing  for 
eighteen  days,  as  was  evident  from  the  ascent' of  the 
water  to  occupy  the  space  which  it  had  left ;  but  aflber 
that  period  no  further  diminution  took  place.  On  ex- 
amining the  sulphuret,  it  was  found  somewhat  heavier 


^Thft  ezpertmcot  wis  first  made  by  Scheele,  bnt  with  a  diffotai 

view 
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tlt^a  when  first  introduced  into  the  vessel,  and  the  air     Ch»p.  II. 

of  the  vessel  wanted  precisely  the  same  weight.     Ngw 

(his  «r  had  lost  all  its  oxygen ;  consequently  the  whole 

of  that  oxygen  must  have  eaiered  into  the  sulphutct. 

Put  of  the  sulphur  was  converted  into  sulphuric  acid  i 

and  at  all  the  rest  of  the  sulpburet   was   unchanged, 

the  whole  of  the  increase  of  weight  roust  have  been 

owing  to  something  which  had  entered  into  that  part 

of  the  sulphur  which  was  converted  into  acid.     This 

something   we  know   was   oxygen.      Sulphuric  acid 

therefore  must  be  composed  of  sulphur  and  oxygen  i 

for  as  the  original  weight  of  the  whole  contents  of  the 

vessel  remained  exactly  the   same,    there  was  not  the 

tmalleit  reason  to  suppose  that  any  substance  had  left 

the  sulphur. 

It  is  impossible  then  that  sulphur  can  be  composed 
of  sulphuric  acid  and  phlogiston,  as  Stahl  supposed, 
since  sulphur  itself  enters  as  a  part  into  the  compou- 
tion  of  that  acid.  There  must  therefore  have  been 
some  want  of  accuracy  in  the  experiment  by  whicfa 
Stahl  proved  the  composition  of  sulphur,  or  at  least 
some  fallacy  in  his  reasonings ;  for  it  is  impossible  that 
there  can  be  two  contradictory  facts.  Upon  exami- 
ning the  potash  and  sulphur  produced  by  Slahl's  ezpe- 
liment,  we  find  them  to  be  considerably  lighter  than 
the  charcoal,  sulphuric  acid,  and  potash  originally  em- 
ployed. Something  therefore  has  made  its  escape  during 
the  application  of  the  heat.  And  if  the  experiment  be 
conducted  in  a  close  vessel,  with  a  pneumatic  apparatus 
attached  to  it,  a  quantity  of  gas  will  be  obtained  exact- 
ly equal  to  the  weight  which  the  substances  operated  on 
bave  tost ;  and  this  weight  considerably  exceeds  that  of 
»11  the  charcoal  employed.      This  gas  is  car  home  aci^ 
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IjWfel.     g^^    wbtell  is  composc4  o^  cfitrcoal    imd  <»X7gcfi. 
!■     ^    ml   We  now  perceive  what  fmsses  in  this  experimefit : 
CUircoal  hts  a  stronger  aiSnif^r  for  ozygen  at  a  high 
teteperatttre  then  sulphur  has.     Whep  charcoal  there* 
fore  is  presented  to  sulphuric  acid  hi  that  tempera* 
ture,  the  oxygen  of  the  arid  combines  with  it ;  they 
fly  off  in  the  form  of  carhonic  add  gas,  and  the  sul- 
phur is  left  behind.     In  StahPs  first  e:cperhneiit,  the 
change  of  sulphur  into  sulphuric  acid  was  ^bvieysljr 
owing  to  the  absorption  of  oxygen  from  the  air«    He^ 
the  reason  why  the  mixture  ma^t  be  placed  in  an  open 
vessel.    The  combustion  of  sulphur,  then,  is  not^in^ 
else  than  the  act  of  its  combination  with  oxygen, 
eqaicitn-         From  the  slow  combustibility  of  sulphir;*,  and  the 
Slvk  add.  ^'®c^'!*y  ^^  condensing  the  acid  fumes,  it  was  n^  pos* 
sible  for  Lavoisier  to  ascertain  with  how  much  it 
imites  during  its  combustion  in  oxj^gen  gas;  but  it 
may  be  converted  into  aulphurtc  acid  by  boHing  h  fn 
a  quantity  of  nitrk  ncid^ :  and  the  proportion  of  oxy- 
gen with  which  it  has  united  may  be  deduced  from 
the  increase  of  its  weight.     This  experiment  wns  first 
tried  by  Bertholletf ;  but  his  apparatus  did  not  enable 
him  to  attain  precision.    Thenard  %  and  Chenevix$  re- 
peated it  lately,  and  with  proper  precautions.    Accord- 
ing  to  the  first,  100  parts  of  sulphur  unite  with  80 ; 
according  to  the  last,  with  62*6  of  oxygen.    But  both  o^ 
these  chemists  fell  into  a  mistake  in  estimating  the 
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*  Thif  acid,  caUed  in  commoo  language  tfita/ort'u,  will  be  describe^ 

t 

hereafter, 
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t]uanti^  of  sulphuric  acid  formed,  which  has  been  a-  , 
voided  in  a  Ute  experiment  on  (be  same  subject  by 
KJaproth.  The  estimate  of  this  eminent  chemist,  there- 
fore, may  be  considered  as  approaching  as  nearly  to 
precision  as  the  present  state  of  the  science  admits.  Ac* 
cording  to  faim  sulphuric  acid  is  composed  of 
42'3  sulphur 

»5T7  oxygen 
lOO'O 
or  100  parts  of  sulphur  combined  with  tSfi'S  of  oxy* 
gen". 

4.  But  sulphur  does  not  always  unite  with  so  great  a  ' 
4]uantity  of  oxygen :  indeed  it  usually  burus  with  a 
blue  flame,  and  emits  an  exceedingly  offensive  smell. 
This  smell  is  occasioned  by  ihe  escape  of  a  gas,  which 
may  be  confined  in  proper  vessels ;  it  is  iulpburimt  acid. 
By  adding  oxygen  to  it,  we  may  convert  it  into  sul- 
j)hanc  acid ;  a  proof  that  it  contains  less  oxygea  than 
that  Acid.  From  a  set  of  experiments  which  I  made 
oalsulphurous  acid,  it  follows,  that  it  consists  of  S2  parts 
of  sulphuric  acid  united  to  18  of  sulphur.  Hence  its 
coostituents  must  be 

53  sulphur 
^^  47  oxygen 


ot  100  sulphur  and  BS-€  oxygen. 

5.  If  sulphur  be  kept  melted  in  an  open  vessel,  it  be- 
comes gradually  thick  and  viscid.     When  in  this  state, 
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^P|i*J'y  if  it  be  posred  into  a  buoa  of  water,  it  will  be  fbuii^ 
'■  ^  ■'  to  be  of  a  red  coloor,  and  as  soft  as  wax.  In  this 
state  it  is  emplojred  to  take  off  impressions  £rom  aeab 
and  medals.  Tbese  casts  are  known  in  this  coontij  hj 
Oiide  of  the  name  of  n^urt.  When  exposed  to  the  air  for  s 
*"^^'  -  few  days,  the  ralphnr  soon  recoyers  its  original  brittle* 
ness,  but  it  retains  its  red  colour.  It  is  supposed  at 
present,  that  sulphur,  rendered  v)scid  and  red  by  a 
Ipng  fusion,  has  combined  with  a  little  oxygen  ;  hence 
the  term  oxidt  of  sulphur  has  been  applied  to  it.  This 
tubstaqce,  when' newly  ma4e,  has  a  violet  co)our ;  it  hi|s 
a  fibrous  texture  ;  its  specific  gravity  is  2*325 ;  it  is 
tougb,  and  has  a  straw  colo^r  when  pounded.  I  found 
that  100  parts  of  it,  when  converted  into  snlirfuiric 
acid  by  means  of  nitric  acid,  became  290  parts,  and 
therefore  had  united  with  120  parts  of  oxygen.  Hence 
it  foUows,  that  X07'3  parts  would  form  236  parts  of 
sulphuric  acid :  but  100  parts  of  sulphur  would  fiKHi 
the  same  quantity  of  acid  \  therefore  107  parts  of  our 
oxide,  by  this  reasoning,  are  composed  of  100  sulphur 
and  seven  os^gen*. 
laeiB%lro-  Q,  When  sulphur  is  first  obtained  by  precipitation 
from  any  liquid  that  holds  it  in  solution,  it  is  always  pf 
a  white  colour,  which  gradually  changes  to  greenish 
yellow  when  the  sulphur  is  exposed  to  the  open  air. 
If  this  white  powder,  or  lac  sulpburu^  as  it  is  called,  be 
exposed  to  a  low  heat  in  a  retort,  it  soon  acquires  the 
colour  of  common  sulphur ;  and,  at  the  same  time,  a 
quantity  of  water  is  deposited  in  the  beak  of  the  re* 
.  tort.    On  the  other  b^49  when  a  little  water  is  dropt 
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into  melted  sulpliur,  lite  portion  in  contact  with  the 
water  iaaincdialeljr  assumea  tlie  white  colour  of  lac  tut- 
pbttrii.  If  common  sulphur  be  sublimed  Into  a  vessel 
filled  vitb  the  vapour  of  uaiev,  we  obtain  /«c  sulphurii 
ai  the  usual  .whiteness,  inMead  of  the  common  flowers  of 
sulphur.  Thes^  facts  prove  that  lac  lulpburis  is  a  com* 
pound  of  sulphur  and  water.  Hence  we  may  conclude 
that  greenish  yellow  js  the  natural  colour  of  sulphur. 
Whiteness  indicate;  the  presence  of  water  *. 

1.  Sulphur  unites  very  readily  to  hydrogen,  and 
forms  a  compound  known  by  the  name  of  lulphurettd 
hydrogen  gat.  That  suph  a  gas  ejcisted,  and  that  it  was 
inflammable,  had  been  observed  by  Rouelle  t  >  hut  its 
properties  and  composition  were  tirpt  investigated  by 
Schccle  in  mi,  who  must  therefore  be  considered  as 
the  real  discoverer  of  it  t-  Bergman,  in  \11Z,  detailed 
its  properties  at  greater  length  ^,  haying  examjncd  it 
probably  after  reading  the  experiments  of  Scheele.  In 
use,  Mr  Eirwan  published  a  copious  and  ingenious 
set  of  experiments  on  it**.  The  Dutch  chemists  exa- 
mined it  in  1192  ff,  and  in  1794  Berthollet,  with  his 
usual  sagacity,  stilt  further  developed  its  properties  Xt  i 
and  since  that  time  several  important  facts  respecting 
it  have  beeu  ascertained  by  Proust  and  Thcnaid. 

This  gas  may  be  procured  by  the  following  process. 
Melt  three  parts  of  iron  filings  and  two  parts  of  suU 
nhur  in  a  close  crucible,  and  continue  the  heat  till  the 
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Book  I.     sulphur  oeftses  to  sablime.    Let  the  mlztare  oool,  ic* 
dace  it  to  powder,  tnd  pat  it,  with  a  littk  WBter»  into  a 


tic» 


glass  vessel  with  two  mouths.  Lute  a  crooked  glass 
tube  to  one  of  these  mouths,  aod  let  the  other  eztremi* 
ty  of  it  pass  under  a  glass  jar  full  of  water.  Pour  mu* 
riatic  acid  through  the  other  mouth,  and  then  irnrne* 
diatelj  close  it  up.  Sulphureted  hydrogen  gas  is  dis- 
engaged abundantly,  and  fills  the  glass  jar  *.  This  gss 
was  first  called  stinUng  suipbmrefmt  air,  then  btpatUair, 
and  after  Gengembre  had  ascertained  its  composition 
it  got  the  name  of  lu^bureied  bydrogm. 
luprop^  It  1%  colourless,  and  possesses  the  mechanical  pfoper- 
ties  of  air.  It  has  a  strong  fetid  smeH,  not  unlike  that 
of  rotten  eggs.  It  does  not  support  combustion,  nor 
can  animals  breathe  it  without  suffocation.  Its  speci- 
fic gravity,  according  to  the  -experiments  of  Kirwan,  is 
1*100,  that  of  air  being  1*000  f;  but  Thenard  makes 
it  as  high  as  1*231  %.  100  inches  of  it,  according  to 
Kirwan's  estimate,  at  the  temperature  of  60®,  barometer 
so  inches,  weigh  34*280  grains;  but  according  to  The- 
pard's  estimate,  they  weigh  38*17  grains. 

This  gas  is  abjx>rbed  by  water  very  rapidly.  From 
ftkt  late  experiments  of  Henry,  we  learn  that  100  ca^ 
bic  inches  of  that  liquid  is  capable,  at  the  temperature 
6f  SO**,  of  absorbing  108  inches  of  sulphureted  hydro* 
gen  $.  The  water  thus  itopregnated  is  colourless,  but 
it  has  the  smell  of  gas,  and  a  sweetish  nauseous  taste. 
It  converts  vegetable  blue  colours  to  red,  and  has  many 
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other  propenict  anal&goni!  to  those  of  acids.     When     Chtp.  ij. 
ihe  licjuid  is  exposed  to  the  open  air  the  gas  gndually 
tnakes  its  escape. 

When  sulphureted  hydrogen  gas  is  set  on  fire,  it  '""wtv- 
burns  with  a  bluish  red  flame,  and  at  the  same  time 
deposits  a  quantity  of  sulphur.  When  the  electric 
spark  is  passed  through  it,  aulphur  is  deposited,  but 
its  bulk  is  scarcely  ahered'.  It  deposits  sulphur  also 
when  agitated  with  nitric  acid,  or  when  that  acid  is 
dropt  into  water  impregnated  with  iif.  When  tnised 
with  common  air  it  bums  rapidly,  but  does  not  ex- 
plode. When  mixed  with  its  own  bulk  of  oxygen  gas, 
and  filed  by  elpctricity,  an  explosion  is  produced,  and 
no  sulphur  deposited}  but  the  inside  of  the  glass  is 
moistened  wi[h  water,  The  products  in  this  case  arc 
sulphnric  acid  and  water.  It  was  experiments  similar 
Id  thU  that  induced  Gengembre  to  conclude  that  this 
gas  is  composed  of  hydrogen  and  sulphur.  He  ex- 
plained  its  formation  by  supposing  that  ihe  sulphur, 
when  united  to  iron,  acquires  a  strong  tendency  to 
absorb  oxygen.  Accordingly  it  decomposes  water, 
which  is  always  present,  and  unites  to  its  o.xygen.  By 
tbis  means  a  part  of  the  sulphur  is  converted  into  sul- 
phuric acid,  as  had  been  observed  by  Scheclej.  The 
hydrogen  of  the  water,  at  the  instant  of  its  evolution, 
coming  in  contact  with  the  rest  of  the  sulphur,dissolTes 
a  portion  of  it,  and  forms  sulphuretcd  hydrogen.  The 
Putch  chemists  have  shown,  that  when  carbureted  hy- 
drogen gas  is  passed  through  melted  sulphur,  the  sut- 
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phnr  is  blackened  (they  supposed  bj  the  deposition  of 
charcoal),  and  the  gas  assumes  the  properties  of  sol* 
phureted  hjdrogen*.  This  demonstrates  the  presence 
of  hydrogen  in  it,  though  neither  they  nor  Kirwan  suc- 
ceeded in  forming  sulphureted  hydrogen  by  passing 
hydrogen  gas  through  melted  sulphurf  • 

To  ascertain  the  constituents  of  this  gas,  Thenard 
dissolved  100*7  cubic  inches  of  it  in  water,  and  by 
paeans  of  an  acid  converted  all  the  sulphur  that  they 
contained  into  sulphuric  add.  The  sulphuric  add  oh* 
tained,  according  to  his  estimate,  weighed  very  nearly 
^*2  grains.  Now  if  we  suppose  sulphuric  add  com* 
posed  of  100  sulphur  and  136*5  oxygen,  we  obtain 
20*8  grains  for  the  sulphur  contained  in  100*7  inches 
of  this  gas:  but  100*7  inches  weigh,  according  to 
Thenard,  38*44  grabs.  The  difference  of  the  two 
weights  must  be  ascribed  to  hydrogen ;  of  course  sul- 
phureted hydrogen  is  composed  of 

20*8  sulphur 

17*6  hydrogen 

38*4 

{lence  100  parts  of  hydrogen  are  combined  in  the  gas 
with  118  parts  of  sulphur^.  If  this  analysis  be 
precise,  it  follows,  that  100  cubic  inches  of  hydrogen 
gas,  in  order  to  be  converted  into  sulphureted  hydrogen^ 
combine  with  about  3  grains  of  sulphur,  and  are  coo- 
yerted  into  about  14  cubic  inches :  so  that  hydrogen 
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f  Gengembre  ta^  that  he  tucceeded  in  obtaining  sulphureted  hydrogea 
gat  by  heating  tulphur  in  hydrogen  gas  by  meant  of  9  bqmfng  ghn^ 


gu,b;  dissolving  sulphur,  isreifuced  to  little  more  than 
4tlt  of  ill  original  bulk*. 

Thu  gas  has  the  property  of  dissolving  a  small  quan-  Dimlvn 
titjr  of  phosphorus.  Nothing  more  is  necessary  than  P*"»P'"'"* 
to  allow  bits  of  phosphorus  to  remain  for  some  hours 
IB  glass  jars  filled  with  the  gas.  When  common  air  is 
idmitwd  to  this  compound,  a  very  voluminous  bluish 
flame  is  produced,  owing  evidently  to  the  combustion 
of  the  dissolved  phosphorus.  When  the  hands  or  a 
spunge  are  plunged  into  it,  they  continue  luminous  in 
the  air  for  some  time  afterf. 

8.  Sulphur  acts  with  considerable  energy  upon  char-  , 
coal  when  assisted  by  heat.  The  phenomena  were  ^hwtwit"' 
first  observed  hy  Messrs  Clement  and  Desormes,  during 
a  set  of  experiments  on  charcoal.  The  process  which 
they  followed  was  this:  Fill  a  porcelain  tube  with  char- 
coal, and  make  it  pass  through  a  furnace  in  such  a  way 
that  one  end  shall  be  considerably  elevated  above  the 
Other.  To  the  lower  extremity  lute  a  wide  glass  tube, 
of  such  B  length  and  shape  that  its  end  can  be  plunged 
to  the  bottom  of  a  bottle  of  water.  To  the  elevated 
extremity  lute  another  glass  tube  lilled  with  small  bits 
of  sulphur,  and  secured  at  the  further  end,  so  that  the 
sulphur  may  be  pushed  forward  by  means  of  a  wire, 
without  allowing  the  inside  of  the  tube  to  communicate 
with  the  external  air.  Heat  the  porcelain  tnbe,  atid 
BOoSequently  the  charcoal  which  it  contains,  to  redness. 
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and  caodnoe  the  heat  till  air-bubbles  oeaie  to  cooae  finon 
the  charcoal ;  then  push  the  sulphur  slowly^  mod  ^mc 
after  piece,  into  the  porcelaio  tube.  A  sabttaocopafKs 
through  the  glass  tube,  and  condenses  under  the  water 
of  the  bottle  into  a  liquid*. 
Svpemil-  This  liquid  was  obtained  hj  Lampadius  in  1706f 

Ejdrofcn.  while  distilling  a  mixture  of  pyrites  and  charcoal^  and 
described  by  him  under  the  name  ofalcoMofstiJjpim'fB 
From  a  late  and  more  detailed  set  of  experiments  on  it^ 
he  drew,  as  a  conclusion,  that  it  is  a  compound  of  sulphur 
and  hydrogen  t«  But  Clement  and  Desormes  consider* 
ed  it  as  a  compound  of  sulphur  and  charcoal ;  and  in« 
form  us,  that  when  it  is  exposed  to  evaporate  ia  opea 
vessels  a  portion  of  charcoal  remains  behind.  The  sub- 
ject has  been  lately  investigated  with  accuracy  by  Ber* 
thollet  junior  $•  From  his  experiments  it  follows,  that 
the  opinion  of  Lampadius  is  correct,  that  the  liquid  in 
question  is  a  compoimd  of  sulphur  and  hydrogen  vntb« 
out  any  perceptible  mixture  of  carbon,  and  that  it  con* 
tains  a  greater  proportion  of  sulphur  than  sulphureted 
hydrogen.  We  may  therefore  give  it  the  name  of  su* 
persu^bur^ted  hydrogen. 
9t9ftnm,  "^^i^  liquid  is  transparent,  and  colourless  when  pure, 
but  very  frequently  it  has  a  greenish  yellow  tinge.  Its 
taste  is  cooling  and  pungent,  and  its  odour  strong  and 
peculiar.  Its  specific  gravity  is  1*3.  It  does  not  mix 
with  water.  When  put  into  the  receiver  of  an  air 
pump,  and  the  air  exhausted,  it  rises  in  bubbles  through 
the  water  and  assumes  the  form  of  a  gas.     The  same 
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chsiDge  takes  i>lace  when  it  is  introduced  to  the  top  of 
»  barometer  tube  ;  but  it  i«  again  condensed  into  a  li- 
quid wbca  the  tube  is  immerMd  under  mercury. 

This  coa:i{>ound  bums  easily  like  spirit  of  wine  sod 
many  other  liquids.  During  the  combusiion  it  emits  a 
sulphureous  odour.  When  a  little  of  it  is  put  into  a 
botlle  filled  wilh  oxygen  gas,  it  gradually  mixes  with 
the  oxygen,  and  asumcs  the  gaieous  form.  If  a  burn- 
ing taper  be  applied  to  the  mouth  of  the  bottle,  the 
mixture  bums  insiantaneously,  and  with  an  explosion 
so  violent  as  to  endanger  the  vessel.  It  assumes  the 
gftseous  form  in  the  same  way  when  placed  in  contact 
with  air.  This  mixture  does  not  detonate  when  kindled, 
bui  boms  quietly. 

This  liquid  dissolves  phosphorus  readily.  It  dis- 
solves likewise  a  small  portion  of  sulphur;  but  baa  no 
action  whatever  on  charcoal*. 

During  the  action  of  the  sulphur  on  the  charcoal  a 
considerable  portion  of  sulphuretcd  hydrogen  gas  is  also 
evolved.  Indeed  it  appears  from  the  experiments  of 
Berthollel,  junior,  that  the  formation  of  the  supersul- 
phureied  hydrogen,  in  a  liquid  state,  depends  upon  the 
proper  regulation  of  the  heat,  and  upon  the  rapidity 
with  which  the  sulphur  comes  in  contact  with  the  char- 
coal. When  loo  much  sulphnr  is  passed  through  the 
charcoal,  part  of  it  escapes  and  condenses,  but  retains 
in  il  a  portion  of  hydrogen.  The  proportion  of  hydro- 
gen in  the  liquid  which  condenses,  and  likewise  in  the 
gas  formed,  varies  considerably  according  to  circum- 
(tuices. 


Cl>p.U. 


M 


SIMPLE  0OMBV8TlBX.It. 


^^V«         Tbeae  experiments  demoiMrate  that  cbartoal  coaJ^ 
•  tains  hydrdgen  as  a  constituent.    The  duurcoal  whith 

remains  in  the  tube  after  the  process  is  unaltered  in  its 
appearance^  but  it  retains  a  little  sulphur,  with  whi<^ 
it  is  chemicallj  combined«  This  sulphur  maj  be 
burnt  awaj  hy  the  application  of  heat  in  the  open  air. 
But  the  charcoal  itself  remains  unconsume49  and  does 
not  bum  without  difficulty  even  when  kept  in  a  strong 
red  heat. 

By  the  application  of  a  sufficiently  strong  and  lODg 
continued  heat  to  the  charcoal  while  sulphur  is  made  to 
eome  in  contact  with  it»  the  whole  disappears^  and  a  gas 
passes  oyer,  which  from  the  examination  of  Berthollet 
appears  to  be  a  triple  compound  of  sulphur,  carboO| 
and  hydrogen*. 
Salf>liiim  0.  Sulphur  and  phosphorus  readily  combine  with 
of  photpho-  ^^^Yi  other,  as  was  first  ascertained  by  Margraff  •  Pel- 
letier  afterwards  examined  the  combination  with  caret* 
Some  curious  observations  were  published  on  the  for« 
mation  of  this  compound  by  Mr  Accum}  ;  and  soon  af- 
ter the  circumstances  under  which  it  takes  place  were 
explained  with  precision  by  Dr  Briggs[|. 

All  that  is  necessary  is  to  mix  the  two  substances 
together,  and  apply  a  degree  of  heat  sufficient  to  melt 
them,  as  Pelletier  first  observed.  The  compound  has 
a  yellowish  white  colour,  and  a  crystallized  appear* 
ance^.  The  combination  may  be  obtained  by  heating" 
the  mixture  in  a  glass  tube,  having  its  mouth  properly 
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iiecared  from  the  air.  The  sulphuret  of  phosphonw;  ^  Chap,  it, 
tbos  prepared^  is  more  combustible  than  phosphorus. 
If  it  be  set  on  fire  bj  means  of  a  hot  wire,  allowed  to 
bum  for  a  little,  and  then  extinguished  bj  excluding 
the  air,  the  phosphorus,  and  perhaps  the  sulphur,  is  oxi- 
dized,  and  the  mixture  acquires  the  propertj  of  ta* 
king  fire  spontaneously  as  soon  as  it  comes  in  contact 
with  air*. 

The  combination  may  be  procured  also  by  putting 
the  two  bodies  into  a  retort,  or  flask,  filled  with  water, 
and  applying  heat  cautiously  and  slowly.  They  com- 
bine together  gradually  as  soon  as^  phosphorus  is 
melted.  It  is  necessary  to  apply  the  heat  cautiously^ 
because  the  sulphuret  of  phosphorus  has  the  property 
of  decomposing  water,  as  had  been  observed  hy  Mar- 
graf,  and  ascertained  by  I^elletier.  The  rate  of  decom- 
position increases  very  rapidly  with  the  temperature,  a 
portion  of  the  two  combustibles  being  converted  into 
acids  by  uniting  to  the  oxygen :  the  hydrogen  at  the 
moment  of  its  evolution  unites  with  sulphur  and  phos- 
phorus, and  forms  sulphureted  and  phosphoreted  gases. 
This  evolution,  at  the  boiling  temperature^  is  so  rapid 
as  to  occasion  violent  explosions,  as  I  accidentally  ob» 
served  some  years  ago.  Mr  Accum  has  lately  exami- 
ned the  circumstances  attending  this  explosion,  and  found 
that  the  gas  emitted  bums  Spontaneously^  and  leaves 
phosphoric  and  sulphuric  acids.  The  sulphuret  of  phos- 
phoms  formed  under  water  has  a  yellow  colour.  It 
gives  to  the  water  in  which  it  is  kept  an  acid  taste, 
and  the  smell  of  sulphureted  hydrogen.     It  bums,  ac-* 
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Book  T.  cording  to  Dr  Briggs,  at  a  temperature  considerably 
lower  than  a  similar  compound  made  in  the  dry  way. 
This  induces  him  to  conclude,  that  during  the  combi- 
nation a  little  water  is  decomposed,  and  the  oxygen  ex- 
pended in  converting  the  sulphur  and  phosphorus  into 
oxides. 

The  sulphuret  of  phosphorus  may  be  distilled  over 
without  decomposition.  Indeed  it  was  by  distillation 
that  Margraf  first  obtained  it.  Sulphur  and  phospho- 
rus, by  combining,  acquire  a  considerable  tendency  to 
liquidity ;  and  this  tendency  is  a  maximum  when  the 
two  bodies  are  combined  in  equal  proportions.  The 
following  table  exhibits  the  result  of  Pelletier's  expe- 
riments on  the  temperatures  at  which  the  compound  be- 
comes solid  when  the  substances  are  united  in  various 
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proportions* 


8  Phosphorus  1 

1  Sulphur       i~°g««l»»t"' 

8  Phosphorus  1 

2  Sulphur  3 
8  Phosphorus  "^ 
4  Sulphur       5 

8  Phosphorus ") 

„  c  1   u  C    at41*' 

8  Sulphur       J 

4  Phosphorus  *> 

8  Sulphur        ) 

2y  Phosphorus  7 

8  Sulphur       5   '. '*  ^^'^* 
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«  the  sulphur  ptcdominatcs;  this  Compdtirid  may  ^^P-  *'• 
sd  pboxphuret  of  sulphur  ;  when  the  phosphorii^  ^ 
I,  It  may  be  called  sulphuret  of  phosphorus. 
From  an  experiment  of  Mr  Clay  field  made  in 
md  lately  described  by  Mr  Davy*,  and  from  si- 
speriments  performed  still  more  lately  by  Ber- 
juniorf  y  there  is  reason  to  conclude  that  sulphur 
%  hydrogen  as  a  constituent.  Mr  Clay  field  dis- 
\  mixture  of  three  parts  copper  filings,  and  one 
>wdered  sulphur^  both  well  dried,  and  obtained 
ity  of  sulphureted  hydrogen  gas.  Berthollet  dis- 
olphur  mixed^with  copper,  and  with  iron,  and 
lercury,  and  obtained  the  same  gas,  especially 
nercury  was  used.  Sulphur,  then^  is  in  all  pro- 
f  a  compound.  But  a$  We  arfe  ignorant  of  the 
lonstituent  of  this  substance,  and  as  we  do  not 
whether  the  hydrogen  enters  into  the  composi- 
sulphuric  acid,  we  cannot  venture  as  yet  to  place 
e  class  of  compound  combustibles. 


1  are  the  properties  of  the  simple  combustibles^ 
:h  the  combinations  which  they  form  with  oxy- 
1  with  each  other.  Hydrogen^  as  far  as  we  know 
ent^  is  really  a  simple  body  ;  but  charcoaly  phos- 
,  and  sulphnf,  are  certainly  compounds  containing 
en  as  a  constituent.  Whether  this  hydrogen  enters 
e  acid  compounds  which  these  three  bodies  form 
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Book  T.      ^(ii  oxygen  ;  or  whether  these  acids  coasist  merelj  of 
<      y  I  11^  the  other  unknown  constituent  combined  with  oxjgtn, 
has  not  been  determined.     But  the  first  of  these  sop- 
positions  is  probable,  though  it  would  be  difficuk  to  is- 
certain  its  truth  by  actual  experiment. 

Hydrogen  in  a  separate  state  can  only  be  exhibitei 
in  the  state  of  gas,  and  cannot  therefore  be  compared 
with  the  rest  in  its  properties.  Carbon  is  always  solid, 
and  cannot  be  fused,  far  less  volatilized,  by  any  degree 
of  heat  which  we  can  raise.  Sulphur  and  phosphorus 
bear  a  striking  resemblance  to  each  other.  They  are 
both  solid,  both  fusible  by  heat,  both  volatilizabk,  and 
both  boil  and  assume  the  form  of  vapour  when  suffi- 
ciently heated. 
Combina-  '  ^  ^*  '*^^  cowibuslibility  of  these  bodies,  and  the  strong 

tiont  with  tendency  wluch  they  have  to  unite  with  oxygen,  which 
constitutes  their  charateristie  property.  They  arc  rfl 
capable  of  condensing  a  certain  determinate  portion  of 
this  principle ;  and  when  once  they  have  combined  with 
that  portion,  they  cannot  unite  with  any  more.  In  che- 
mical language,  they  are  then  said  to  be  saturated  with 
oxygen.  Now  the  proportion  of  oxygen  with  which 
each  is  capable  of  uniting,  is  exceedingly  different,  as 
will  appear  from  the  following  table  : 

100  hydrogen  unites  with  59V 1  oxygen 

100  carbon 25T0 

100  phosphorus  ,  ••••••    154*0 

100  sulphur 138*7 

Affinity  for  This  difFerenc:  claims  particular  attention.     Berthollet 

oiyjcn.        jjj^g  ingeniously  supposed  that  the  affinity  of  one  body 

for  another  is  proportional  to  the  quantity  of  it  which 

it  is  capable  of  condensing.     The  phenomena  of  che- 


tr/  igrcewcU  with  this  auppoiition.  Bat  if  we  ad- 
it, we  must  suppose  ihc  aifinilj  of  the  simple  com- 
ttblo  for  oxjgea  ta  be  in  the  order  which  we  have 
owed  in  describing  liiem.  Hydrogen  will  have  ibe 
alest  affinity,  carbon  will  be  next,  iheii  phosphorus  ; 
sulphur  will  have  the  weakest  affinity  of  all. 
iydrogen  when  saturated  with  oirygen  forms  waterj 
other  three  combustibles  form  acids,  the  corrosive 
IHies  of  which  become  stronger,  the  smaller  tlte 
intity  of  oxygen  necessary  to  saturate  the  combusti- 
.  This  fact  is  curious.  Jiertbollet  supposes  that 
properties  of  oxygen  are' disguised  (f^/ when  it  is 
nbined  with  those  bases  for  which  it  has  the  slrong- 
nffinity,  and  that  its  predominant  qualities  begin  to 
}lay  themselves  as  the  ailiniiy  of  the  base  diminishes. 
icnoiiofi,  which  is  ingenious  enough,  if  applied  to 


'g'"! 


would  lead  us  tc 


iclude,  that  when  in  a  con- 


scd  state  it  is  of  a  eorroii-jc  naturi?,  unless  when  its 
ion  is  checked  by  the  body  to  which  it  is  united.  A 
ion  that  accords  well  with  the  great  activity  of  this 
MTtant  substance. 

Eiydrogen  combines  only  with  oxygen  in  one  propor- 
i ;  but  all  the  rest  arc  capable  of  uniting  with  van- 

doMS  of  it. 

Jaibonis  believed  lobe  capable  of  uniting  with  three   Curbon, 

es  of  it.     The  first  compound  is  supposed  to  be  a 

dt  powder  resembling  charcoal.     It  is  rather  hypo- 

lical  at  present.     When  ascertained  it  may  be  called 

ioKOiu  oxide.     The  second  compound  is  carbonic  ox- 

gas ;  the  third  carbonic  acid. 

Phosphorus  when  imperfectly  burnt  is  convered  ii 

de  of  phosphorus.     When  left  exposed  to  the  open  air,    ' 

gradually  combines  with  oxygen,  and  is  converted 
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into  an  acid  liquid  called  phosphorous  acid.  When  set 
on  fire,  it  combines  with  a  maximum  of  oxygen,  and  is 
converted  into  white  flakes,  destitute  of  smell,  called 
phosphoric  acid. 

Sulphur,  when  kept  long  in  a  state  of  fusion,  com- 
bines with  a  small  dose  of  oxygen,  and  is  converted  in- 
to oxide  of  sulphur.  When  heated  to  560^  in  the  open 
air,  it  burns  with  a  blue  flame,  combines  with  oxygen, 
and  forms  an  acid  which  has  a  peculiarly  suflTocating 
odour,  and  is  called  sulphurous  acid.  When  mixed 
with  nitre  and  set  on  fire,  it  combines  with  a  maximum 
of  oxygen,  and  forms  an  acid  without  smell  called  suU 
phuric  acid* 

All  the  simple  combustibles  are  capable  of  combining 
with  each  other.  Chemists  have  agreed  to  give  to  |U 
such  combinations  a  name  ending  in  ureif  and  derived 
jBrom  that  ingredient  which  is  supposed  to  characterize 
the  compound.  Thus  we  have  sulphuret  of  phosphorus^ 
of  carhouj  and  of  hydrogen  ;  but  the  last  compound  be- 
ing gaseous,  is  usually  denominated  sulphureted  hjh 
drogen  gas.  We  have  likewise  phosphuret  of  sulphur^ 
of  carbon^  and  of  hydrogen^  or  phosphureted  hydrogen 
gas.  We  have  also  two  species  of  carbureted,  hydro* 
gen  gas.  All  these  compounds  retain  their  combustit 
bility.  ^  " 
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%  diaricteristlc  property  of  those  substaoces  which  Characttn. 
m  siinple  incombustiblcs,  is  a  strong  tendency  to 
I  to  oxygen  ;  the  combination  is  not  accompanied 
lie  emission  of  heat  and  light,  and  the  compounds 
led  are  capable  of  supporting  combustion.  Only 
inbstances  possess  this  character;  namely,  azote 
muriatic  acid.  There  are  indeed  two  other  incomi- 
iUe  bodies  not  hitherto  decompounded ;  but  they 
ot  combine  with  oxygen  at  all :  and  at  present  ana- 
leads  us  to  place  them  among  the  compounds. 
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SECT.  L 


OF    AZOTC« 


Methoa  of    I,  Azote,  called  also  nitrogen,  by  some  chemistf, 
m^'nl     °^y  ^   procured  by   the   following   process :     If  a 
quantity  of  iron  filings  and  sulphur,  mixed  together, 
and  mcMstened  with  water,  he  put  ifcto  a  glass  ▼«• 
*  ael  full  of  air,  it  will  absorb  all  the  oxygen  in  the  course 

of  a  few  days ;  but  a  considerable  residuum  of  air  will 
still  remain  incapable  of  any  further  diminution*.  This 
inmduum  has  obtained  the  appellation  of  azoiu  gms. 
There  are  other  methods  of  obtaining  it  more  speedily* 
If  phosphorus,  for  instance,  be  substituted  for  the  iron- 
filings  and  sulphur,  the  absorption  is  completed  in  less 
than  24  hours.  The  following  method,  first  pointed 
out  by  Berthollet,  furnishes  yctj  pure  axotic  gas^  if  the 
proper  precautions  be  attended  to.  Very  much  diluted 
aquafortis^  or  nitric  acid  as  it  is  called  in  chemistry,  is 
poured  upon  a  piece  of  muscular  flesh,  and  a  heat  of 
about  100°  applied.  A  considerable  quantity  of  azotic 
gas  is  emitted,  which  may  be  received  in  proper  ves« 
sels. 

This  gas  was  discovered  in  1772  by  Dr  Rutherford, 
now  professor  of  botany  in  the  university  of  Edinburgh  f. 


*  Hiit  eiperimcnt  was  first  made  by  Dr  Haiet. 
t  See  his  thesis  De  Acre  Mt/fbituo,  published  in  1773.-*-'*  Sed  ser 
lobriiet  pums  rcspiratioocm  animali  non  modo  ex  parte  fit  nu 


.  i 


AZOT£.  1Q5 

Schicele  procured  it  bj  the  first  mentioned  process  as   ^Chip,  lir, 
early  as  1776,  and  proved  that  it  was  a  distinct  fluid*.  ' 

1.  The  air  of  the  atoQosphere  contains  about  0*79  » 
parts  (in  bulk)  of  azotic  gas  ;  aloQost  all  the  rest  of  it 

is  oxygen  gas.  Mr  Lavoisier  was  the  first  philosopher 
ivho  published  this  analysis,  and  who  made  azotic  gas 
known  as  a  component  part  of  air.  His  experiments 
were  published  in  1773  f.  Scheele's  Treatise  on  Air 
and  Fire,  in  which  his  analysis  is  contained,  was  not 
published  till  1777. 

2.  Azotic  gas  is  invisible  and  elastic  like  common   Wright, 
air,  which  it  resembles  in  its  mechanical  properties* 

It  has  no  smell.  Its  specific  gravity,  according  to  Kir- 
wan,  is  0*985 1,  that  of  air  being  1*000.  Lavoisier 
snakes  it  only  0*978  $,  and  with  this  the  statement  of 
Davy  coincides  exactly  ||.  According  to  Mr  Kirwan, 
100  cubic  inches  of  it,  at  the  temperature  of  60^,  ba- 
rometer 30  inches,  weigh  30*535  grains  ;  according  to 
Lavoisier  and  Davy,  they  weigh  30*338  grains. 

3.  It  cannot  be  breathed  by  animals  without  sufibca*  Dettrm 
tion.     If  obliged  to  respire  ity  they  drop  down  dead  al«   ^^^ 


zm 


et  oBam  iiMh  mu^  tmiiatiwem  indt  fatitur*  Foetqpm  enim  omnif  mer 
|iiq>hiticiit  {<arUuu  a^idgas)  ex  CO,  ppe  lixivii  caastici  secretusct  abduc- 
%u%  faeritt  qta  tamtm  rcstat  nuUu  modo  salvbrior  inde  evadic ;  nam  quam- 
m»  DttUam  ex  s<ltA  cakis  prxcipitationem  fadat  hand  mimis  qQam  antes 
^iammmttf  vkam  extmguit^  l^f^  1 7.  When  Hanxbee  patted  air  through 
flCiMioc  metallic  tubes,  he  moft  hare  obtained  this  gas.;  but  at  that  time 
fhe  difference  between  gases  was  ascribed  to  fumes  held  in  solution.  Sec 
J^iL  Trant,  Abr.  ▼.613. 
#  On  Air  and  Flre^  p.  7. 

\  Scehit  remtrks  on  Sfheele*s  works,  Mem,  Par.  1781,  p.  397* 
I  On  FU^Uton,  p.  %7.  j  Lavoisicr't  EUffctttu 
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BookT.      most  instantly'*.      No   combustible   will  bum   in  it. 
%     .y  .J    Hence  the  reason  why  a  candle  is  extinguisbed  in  at- 
iw^ii^cwn-    'nosphcrical  air  as  soon  as  the  oxygen  near  it  is  con- 
Wioo.        sumcd.      Mr  Goettling,   indeed;  published,  in   1794, 
Chat  phosphorus  shone,  and  was  converted  into  phos- 
phoric acid,  in  pure  azotic  gas.      Were  this  the  case, 
it  would  not  be  true  that  no  combustible  will  bum  in 
this  gas ;  for  the  conversion  of  phosphorus  into  an  acid, 
and  even  its  shining,  is  an  actual  though  slow  combus- 
tion.    Mr  Goettling's  experiments  were  soon  after  re- 
peated by  Drs  Scherer  and  Jaeger,  who  found,  that 
phosphorus  does  not  shine  in  azotic  gas  when  it  is  per- 
fectly pure  ;  and  that  therefore  the  gas  on  which  Mr 
Goettling's   experiments  were  made  had  contained  a 
mixture  of  oxygen  gas,  owing  principally  to  its  having 
been  confined  only  by  water.     These  results  were  af- 
terwards confirmed  by  Professor  Lampadius  and  Pro- 
fessor Hildebrandt.     It  is  therefore  proved  beyond  a 
doubt,  that  phosphorus  does  not  bum  in  azotic  gas ;  and 
that  whenever  it  appears  to  do  so,  there  is  always  some 
oxygen  gas  present  f . 
Akjorption        4.  This  gas  is  not  sensibly  absorbed  by  water  ;  nor 
indeed   are  we  acquainted  with  any  liquid  which   has 
the  property  of  condensing  it.     Dr  Henry  ascertained, 
that  when  water  is  previously  deprived  of  all  the   air 
which  it  contains,   100  inches  of  it  are  capable  of  ab- 
sorbing only  1*47  inches  of  azotic  gas  at  the  tempera* 
ture  of  60®  J. 


*  Hence  the  name  azotf,  givea  it  by  the  French  chemists,  which'  sig- 
cifiei "  destructive  to  life." 

t  Nicholson*t  Journal,  il  8.  %  PbiL  Trans,  1803,  p.  974. 


▲ZOTS.  lei 

II.  1.  When  electric  sparks  are  made  to  pass  tbreugh     Chap.  HI. 
Qommon  air  confined  in  a  sn^all  glass  tube,  or  through  a 
oiixture  of  oxygen  gas  and  azotic  gas,  the  bulk  of  the 
air  diminishes.    This  curibps  experiment  was  first  made    Combine^ 
hy  Dr  Priestley,  who  ascertained  at  the  same  timci   gen, 
jhat  if  a  little  of  the  blue  infusion  pf  litmus  be  let  up 
into  the  tube  it  acquires  a  red  colour  * ;  hence  it  fol* 
lows  that  an  acid  is  generated.     Mr  Cayendish  ascer- 
tained, that  the  diminution  depends  upon  the  proppr- 
^ion  of  oxygen  and  azote  present  i  |hat  when  the  two 
gases  are  mixed  in  the  proper  proportions  they  disap- 
pear altogether,  being  converted  into  nitric  acid.  Hence   And  lanM, 
he  inferred  that  nitric  acid  is  formed  by  the  combination  ^**^  '^'^ 
of  these  two  bodies*     f  his  important  discovery  wa3 
communicated  to  the  Royal  Society  on  the  2d  June 
1785-     The  combination  of  the  gases,  and  the  forma- 
tion of  the  acid,  was  much  facilitated,  he  found,  by 
introducing  into  the  tube  a  solution  of  potash  in  water*. 
This  body  united  with  the  nitric  acid  as  it  was  pro- 
duced, and  formed  with  it  the  salt  calljed  nitre*     In  Mr 
Cavendish's  first  experiments  there  waa  some  uncer- 
tainty, both  in  the  proportion  of  oxygen  gas  and  of 
common  air  which  produced  the  greatest  diminution  in 
a  given  time,  and  in  the  proportion  of  the  two  gases 
which  disappeared  by  the  action  of  the  electricity.    The 
experiment  was  twice  repeated  in  the  winter  1787-8 
by  Mr  Gilpin^  under  the  inspection  of  Mr  Cavendish, 
and  in  the  presence  of  several  members  of  the  Royal 
iSociety.      The  last  of  these  experiments,  which  was 
conducted  with  every  possible  precaution  to  ensure  ac- 


•  Prieitky  M  4rr,  it.  149. 
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curacj,  I  shall  consider  as  nearest  the  troth.  It  lasted 
rather  more  than  a  month.  During^  the  coarse  of  it 
there  were  absorbed  4090  measures  of  oxygen  gaft 
contaminated  with  -^  part  of  azote,  and  2388  mea* 
sares  of  common  air.  Now  if  we  suppose  ^at  oom« 
mon  air  contains  22  parts  in  the  100  of  oxygen  gas, 
and  make  the  necessary  corrections,  we  shall  have  4532 
measures  of  o3cygen  gas,  and  2146  measures  of  axotic 
gas,  or  very  nearly  2  measures  of  azotic  gas  to  4^  of 
oxygen.  453*2  inches  of  oxygen  weigh  about  154 
grains,  and  214*6  measures  of  azote  about  65  grains. 
According  to  this  statement,  we  have  nitric  acid  com- 
posed of  100  parts  by  weight  of  azote  united  to  230  of 
oxygen  j  or  in  the  hundred  parts 

29*77  azote 

70*23  oxygen 

100*00* 

This  result  agrees  almost  exactly  with  the  subsequent 
experiments  of  Mr  Davy,  according  to  which  the  con- 
stituents of  nitric  acid  are 

29*5  azote 

70-5  oxygen 

^  100-0 1 

2.  Nitric  acid  is  a  heavy  liquid,  uliually  of  a  yellow 
colour,  which  acts  with  great  energy  upon  most  sob* 
stances,  chiefly  in  consequence  of  the  facility  with  which 
it  yields  a  portion  of  its  oxygen.  If  a  little  phospho* 
rus  or  sulphur,  for  instance,  be  put  into  it,  the  acid 


4»  Phii.  Trams.  17IS1  p.  a66. 


f  RueaubtSf  p.  565. 


when  a  liltle  heated  gives  up  oxygen  to  them,  and  con-     Cbtf.  ii 
verts  them  into  acids  precisely  as  if  the  two  bodies  were 
subjected  to  combustion.     In  lliis  case  the  nitric  acid, 
b^  losing  a  portion  of  its  oxygen,   is  changed  into  a 
species  of  gas  called  nitrous  gas,  which  Hies  off  and  oc-    i.  Nitrou 
casions  the  effervescence  which   attends  the  action  of  S»'  > 
nitric  acid  on  these  simple  combustibles.     Nitrous  gas 
is  procured  in  greater  abundance,  as  well  as  purity,  by 
diuolving  copper  or  silver  in  nitric  acid.     The  gas  may 
be  received  in  a  water  trough  in  the  usual  way.     it 
possesses  the  curious  property  of  combining  with  oxy- 
gen the  instant  it  comes  in  contact  with  it,  and  of  form-      , 
ing  nitric  acid.     Hence  the  yellow  fumes  which  appear 
when  nitrous  gas   is  mixed   with  common   air.     This 
combination  furnishes  a  sulHcietit  proof  that  the  consti- 
tuents of  nitrous  gas  are  azote  and  oxygen,  and  that  it 
contains  less  oxygen  than  nitric  acid.     It  is  therefore 
an  oxide  of  a'Mtt. 

3.  When  iron  filings  are  kept  for  some  days  in  ni-  )  Oum 
trous  gas,  they  deprive  it  of  a  portion  of  its  oxygen, 
and  convert  it  into  a  gas  which  no  longer  becomes  yel- 
low when  mixed  with  common  air,  but  in  which  phos- 
phorus burns  with  great  splendour,  and  is  converted 
into  phosphoric  acid.  This  combustion  and  acidifica- 
tion is  a  proof  that  the  new  gas  contains  oxygen.  lis 
formation  demonstrates  that  it  contains  azote,  and  that 
it  has  less  oxygen  than  nitrous  gas.  It  is  therefore  an 
nxide  of  a9ioU  as  well  as  the  last  described  gas.  The 
namc^di'ov/  oxide  ofaxoU  has  been  given  to  it. 

Thus  we  learn  that  azote  is  capable  of  uniting  with 
three  dozes  of  oxygen,  and  of  forming  two  oxides  and 
one  acid.  We  shall  find  afterwards  that  there  is  sttll 
another  acid  composed  of  the  same  ingredients. 


no 
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III.  The  combinations  of  azote  withsimpie  combos* 
tibles  are  scarcely  so  numerous;  bat  some  of  them  are 
of  great  importance, 

1,  When  putrid  urine,  wool,  shavings  of  horn,  and 
many  other  animal  substances,  are  subjected  to  distiUft- 
tion,  among  other  products  there  is  obtained  a  substance 
which  has  a  very  pungent  odour,  and  which  is  well 
known  under  the  names  of  hartshorn  and  volatile  al* 
iaS*.  It  may  be  procured  in  greatest  purity  from  the 
salt  called  sal  ammoniac.  Pound  this  salt,  and  put  it 
into  a  flask  together  with  thrice  its  weight  of  ground 
quicklime,  and  luting  on  a  bent  tube,  plunge  the  ex« 
treroity  of  it  into  a  mercurial  trough,  and  apply  heat 
to  the  flask.  A  gas  comes  over,  which  is  hartshorn 
m  a  state  of  purity  ;  by  chemists  it  is  usually  called 
ammonia.  It  is  light,  absorbed  in  great  abundance  by 
water,  has  a  pungent  taste,  and  gives  a  green  colour  to 
vegetable  blues.  When  electric  sparks  are  passed 
through  this  gas,  its  bulk  is  doubled,  arid  it  is  converted 
into  ^  mixture  of  hydrogen  and  azotic  gases. 

This  was  considered  as  a  demonstration  of  its  com* 
position  ;  but  from  the  late  experiments  of  Mr  Davy, 
there  is  reason  to  conclude,  that  besides  hydrogen  and 
azote  it  contains  also  a  portion  of  oxygen +.  It  is 
difScult  to  form  ammonia  by  uniting  its  constituents 
artificially.  However,  Dr  Austin  succeeded  in  com<« 
bining  them. 


*  The  term  alkaii  is  applied  in  chcml&cry  to  a  Tarlety  of  fubmidp 
which  hive  the  property  of  giving  a  preen  colour  to  vegetable  bluet, 
f  The  details  will  be  given  ^^hen  we  come  to  treat  of  ammonia. 


.      AZOTE.  Ill 

When  they  arc  in  the  gaseous  state,  tlic  union  does  Chap,  ill. 
not  take  place;  but  when  hydrogen,  at  the  instant  of  its 
evolution,  conies  in  contact  with  azotic  gas,  ammonia  is 
formed.  Dr  Austin  filled  a  jar  with  azotic  gas,  placed 
it  over  mercury,  and  let  up  into  it  some  moistened  iron 
filings.  Now  iron  filings  have  th£  property  of  decom** 
posing  water.  They  unite  with  its  oxygen,  and  allow 
its  hydrogen  to  escape.  There  was  suspended  in  the 
jar  a  paper  tinged  blue  with  radish.  In  a  day  or  two 
it  became  green,  and  t^us  indicated  the  formation  of 
ammonia;  for  no  gas  but  ammonia  has  the  property  of 
changing  vegetable  blues  to  green.  When  nitrous  gas 
was  substituted  for  azote,  the  ammonia  was  evolved 
more  speedily.  The  experiment  succeeded  also  with 
common  air,  but  mere  slowly  *,  When  nitrous  gas 
and  sulphureted  hydrogen  are  mixed,  ammonia  is  form- 
ed, as  Kirwan  first  observed  f.  In  this  case  the  de- 
compositions and  new  combinations  are  more  com- 
plicated. 

2.  No  compound  of  azote  and  carbon  is  at  present   Disaolret 
known ;  but  if  we  believe  Fourcroy,  azotic  gas  has  the  ^    ^' 
property  of  dissolving  a  little  charcoal.     For  according 

to  him,  azotic  gas,  obtained  from  animal  substances  by 
BerthoUet's  process,  when  confined  long  in  jars,  depo* 
sites  on  the  sides  of  them  a  black  matter,  which  has  the 
properties  of  charcoal  t.     . 

3.  Phosphorus  plunged  into  azotic  gas  is  dissolved  in   H^ospht^ 
a  small  proportion.      Its  bulk  is  increased  about  -^'^  ^,  ^'' 


•  PBil.  Tra»i.  1788,  p.  382.  +  /:/  J.  p.  384. 

\  Foyrcrof,  A/ifi.  de  Cbim.  i.  45.  \  Berthollcc 
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Book  L     and  phosphuretcd  azotic  gas  is  the  remit.     When  thi9 
■  gas  is  mixed  with  oxygen  gas,  it  becomes  Jominoasy  in 

consequence  of  the  combustion  of  the  disnlved  phos- 
phorus. The  combustion  is  most  rapid  when  babbles 
of  phosphureted  azotic  gas  are  let  up  into  a  jar  full  of 
o;cjgen  gas*  When  phosphureted  oxygen  gas,  and 
phosphureted  azotic  gas,  are  mixed  together,  no  light 
is  produced,  even  at  the  temperature  of  82^  *• 
AmI  nil-  ^'  Fourcroj  informs  us,  that  when  sulphur  is  melted  in 

F^ur.  azotic  gas,  part  of  it  is  dissolved,  and  suifbmreted  assotU 

gas  formed.  This  gas  has  a  fetid  odour.  Its  properties 
are  still  unknown  f.  It  is  said  to  have  been  lately  dis- 
covered by  Gimbernat  in  the  waters  of  AixJa-Cba- 
pelle  t. 
Attemptsto  IV.  As  azote  has  never  yet  been  decompounded,  if 
lizote.  ^^^^  must,  in  the  present  state  of  our  knowledge,  b^  consi- 
dered as  a  simple  substance.  Dr  Priestley,  who  ob« 
tained  azotic  gas  at  a  very  early  period  of  his  expcri« 
ments,  considered  it  as  a  compound  of  oxygen  gas  and 
phlogiston,  and  for  that  reason  gave  it  the  name  oiplh^ 
gtsticated  air.  According  to  the  theory  of  Stahl,  which 
was  then  universally  prevalent,  he  considered  combus- 
tion as  merely  the  separation  of  phlogiston  from  the, 
burning  body.  To  his  theory  he  made  the  following 
addition:  Phlogiston  is  separated  during  combustion bj 
means  of  chemical  allinity  :  y^ir  (that  i%  oxygen  gas) 
has  a  strong  affinity  for  phlogiston  :  Its  presence  is  ne- 
cessary during  combustion,  because  it  combines  with 
the  phlogiston  as  it  separates  from  the   combustible^ 


•  Fourcroy  and  Vau^aelin,  Aw.  it  Chim.  zxi.  199. 
f  Foiircrn]r»  i.  100.  %  J^^'  ^  Cblm,  ii.  Kt^k 
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ftwa  contributes  hy  its  affinity  to  produce  that    Qwyiin.^ 
tion :  The  moment  the  air  haa  combined  with  as  suppoMd, 
pUogiston  as  it  can  receive,  o^  to  us«  a  chemi-  ^j^^  oT" 
m,  the  moment  it  is  saturated  with  phlogiston,  oxygcp  and 
stkn  necessarily  stops,  because  no  more  pblogis* 
t  kave  the  combustible*:    Air  saturated  with 
iton  is  azotic  gas.     This  was  a  very  ingenious 
f  and,  when  Dr  Priestley  published  it,  eicceed- 
ilaosible.     A  great  number  of  tke  most  eminent 
Its  accordingly  embraced  it :  But  it  was  soon  af- 
covered,  that  during  combustion  the  quantity  of 
itead  of  increasing,  as  it  ought  to  do  if  phlogiston 
led  to    t,  actually  diminishes  both  in  bulk  and 
t.    There  is  no  proof,  therefore,  that  during  com*   But  errcne^ 
1  any  substance  whatever  combines  with  air,  but        '^'' 
the  contrary.      It  was  discovered  also,  that  a 
ty  of  air  combines  with  the  burning  substance  dui^ 
ombustion,  as  we  have  seen  to  be  the  case  with 
\Xf  phosphorus,  carbon,  and  hydrogen ;  and  that 
r  has  the  properties  of  oxygen  gas.     These  dis« 
et  entirely  overthrew  the  evidence  on  which  Dr 
ley^s  theory  was  founded. 

re  lately  a  new  theory  concerning  the  composition 
»te  has  been  proposed,  and  variously  tnodified  by 
»t  chemists.  As  this  theory  has  occasioned  a 
rersy  which  has  been  maintained  in  Germany 


lis  iBgenioQS  theory  was  first  concehred  by  Dr  Rutherford,  at  tp-* 
tMn  the  following  paisage  of  his  thesis.  **  Ex  iisdem  etiun  dedo* 
it  quod  aer  ille  malignus  (azotic  gat]  componitur  ex  atre  atmo^. 
aim  fh/cghto  unito  et  quasi  taturaiok  AtffQC  idem  confirmatur  eo, 
T  qni  metallonun  cakinationi  jam  inserviit,  et  phlogitton  ah  iis 
c,  qotdem  plane  »t  indolis.'*    JD«  Mrt  MifUiicQ^  p.  sc\ 
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look  L      with  a  good  deal  of  keenness,  and  which  has  •ontrifarn-^' 

DiymioqI*  , 

iMi  y  ■  >  ted  towards  explaining  several  very  canons  chemical 
phenomena,  I  shalP^ve  a  short  account  of  the  whole  in 
this  place. 

In  the  year  1783  Dr  Priestley  discovered,  that  when 
earthen  ware  retorts,  moistened  with  water  in  the  in- 
aidci  or  containing  a  quantity  of  moist  day^  are  heated 
above  the  boiling  temperature,,  very  Kttle  water  issues 
from  their  beak  in  the  form  of  vapour  ;  but  instead  of 
it  a  quantity  of  air  nearly  equal  to  the  weight  of  the 
water  employed.  As  this  air  scarcely  differed  in  its 
properties  from  common  air,  he  concluded  at  first  that 
tlie  water  by  this  process  was  converted  into  air.  But 
he  afterwards  ascertained,  by  the  most  ingenious  and  de- 
cisive experiments,  that  the  watef  which  had  disappear- 
ed, had  made  its  way  through  the  pores  of  the  vessel, 
while  at  the  same  time  a  quantity  of  external  air  was 
forced  by  the  pressure  of  the  atmosphere  into  the  ves-> 
sel,  and  that  this  was  the  air  which  issued  out  of  the 
beak  of  the  retort*. 
2.  or  water  l^bis  conclusion  was  objected  to  by  Achard  of  Ber- 
aedfire.  |jjj  j„  1734^  ^^o  endeavoured  to  prove  by  experiment, 
that  whenever  steam  is  made  to  pass  through  red  hot 
earthen  tubes,  or  even  metallic  tubes,  it  is  converted  in- 
to azotic  gasf.  Mr  Westrumb  drew  the  same  conclu- 
sion from  an  experiment  of  his  own  ;  and  hence  infer- 
red, that  azotic  gas  is  composed  oi  water  and  beat  com- 
bined togetherj.  In  1796,  Wiegleb  published  a  long 
paper  on  the  same  subject ;  in  which  he  endeavours. 


•  Priestley  on  A'tt  ii,  407.  f  Crcll's  Annah,  1785,  i.  304» 

:  uij,  p.  499. 


loth  \tj  reasoning  and  experiments,  to  prove  the  truth  * 
li  WeMrumb's  theory*.  This  paper  drew  the  atten- 
ion  of  the  associated  Dutch  chemist?,  Deimann,  Troost- 
vtch,  and  Lawerenbur^  ;  and  induced  them  to  make 
I  very  complete  set  of  exptrimenls,  an  account  of  which 
hey  published  nsaf-  Their  experiments  coincided 
iXMcdy  with  those  of  Dr  Priestley.  No  gas  made  its 
ippearance  except  when  the  instrucneots  employed  were 
if  earthen  ware,  and  of  course  capable  of  being  pene- 
ratcd  by  air.  Wiegleb's  method  of  making  the  ex- 
leriment  was  to  lute  the  tube  of  a  tobacco  pipe  to  a  re- 
ort  containing  some  pure  waier.  The  tobacco  pipe 
was  heated  red  hot  by  mean^  of  a  charcoal  fire  ;  and 
:hen  the  waler  in  the  retort  being  made  to  boil,  the 
ttCKm  passed  through  the  red  hot  pipe.  The  Dutch 
:hemists  found,  that  when  instead  of  a  tobacco  pipe  a 
glass  or  metallic  tube  was  used,  or  when  the  tobacco 
^ipe  was  covered  with  a  glass  tube,  no  gas  appeared, 
Inless  the  tube  was  cracked  :  and  that  when  gas  was 
fclained,  it  was  always  the  same  with  the  air  on  the 
(tside  of  the  tube  ;  that  is  to  say,  a  mixture  of  carbo- 
t  acid  and  azotic  gas,  when  the  tube  was  heated  in  a 
krcc»I  fire,  and  common  air  when  the  tube  was  wilh- 
kwn  from  the  fire.  Thus  their  experiments  coincided 
tisely  with  those  of  Dr  Priestley,  and  led  them  to 
Bsame  conclusion.  Mr  Wiegleb  attempted  to  an- 
r  the  abjections  of  the  Dutch  chemists,  and  to  esta- 
l  his  own  theory  by  new  experiments ;  b»lt  he  has 
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Book  I.      by  no  means  succeeded ;  he  has  not  been  aUe  to  satiafy 
!■■    ^         even  himself*. 

3.  Of  OKT-  Soon  after  Dr  Girtanner  published  a  dissertation  on 
£^^  ^'  the  same  subject,  in  the  34th  volume  of  the  A/makt  i$ 
Cbimit.  His  experiments  coincide  pret^  nearly  with 
those  of  Wiegleb  and  his  associates;  but  be  drew  from 
them  very  different  consequences,  and  founded  on  them 
a  theory  almost  diametrically  opposite.  According  ts 
him,  azotic  gas  is  obtained  whenever  water  in  the  state 
of  vapour  comes  into  contact  with  day.  Thusy  it  is 
obtained  when  water  is  boiled  in  an  earthen  retort,  or 
in  a  glass  retort  containing  a  litde  clay,  or  ending  in  aa 
earthen  tube.  Hence  he  concludes,  that  azotic  gas  is 
composed  of  hydrogen  and  ozygen  gas  combined  toge- 
ther, and  differs  from  water  or  vapour  merely  in  coo- 
^'t' wcwf  **^"^"g  *  smaller  proportion  of  oxygen  + .  These  very 
singular  assertions  were  put  to  the  test  of  experiment 
by  Berthollet  and  Bouillon  Lagrange.  But  though 
they  adhered  implicitly  to  the  directions  of  GirtanncTi 
and  even  varied  the  process  every  conceivable  way,  they 
did  not  obtain  a  particle  of  azotic  gas  %•  Girtanner 
therefore  either  never  performed  tliese  experiments  at 
all,  or  he  must  have  been  misled  by  some  circumstance 
or  other.  His  theory  of  course  falls  to  the  ground, 
lu  conipo-  Thus  as  all  the  attempts  to  decompose  azote  have  hi- 
uDknowi!.  therto  failed,  we  must  of  necessity  consider  it  as  a  sim- 
ple substance.  It  must  be  acknowledged,  however, 
that  there  are  several  chemical  phenomena  altogether 
inexplicable  at  present  \  but  which  might  be  accounted 


•  CrcU*3  Ajw//,  1799,  i.  45,  &c.        t  Ann,  <fe  Cbim.  xaiv.  3, 
I  /^.  xxiy.  23. 
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for  if  it  were  pos»bIe  to  prove  that  azote  is  >  compound, 
ani  that  one  of  the  component  parts  of  water  enters  in. 
to  iu  composition.  One  of  these  phenomena  is  the  for- 
mation of  tLAis,  which  will  come  under  our  considera- 
tion in  (he  Second  Part  of  this  Work  :  Another  is  the 
constant  disengagement  of  azotic  gas  when  ice  is  melt- 
ed. Dr  Priestley  found,  that  when  water,  previously 
&ecd  from  air  as  completely  as  possible,  is  frozen,  it 
emits,  when  melted  again,  a  quantiij  of  azotic  gas.  He 
iroxe  the  same  water  nine  times  without  exposing  it  lo 
the  contact  of  air,  and  every  litne  obtained  nearly  the 
same  proportion  of  ai^tic  gas  '. 


h 
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I.   AluRtATic  add,  the  second  of  the  simple  incom- 
bostibles,  may  be  procured  by  the  following  process : 

Let  a  imall  pneumatic  trough  be  procured,  hollowed  rrepira- 
out  of  A  single  block  of  wood,  about  14  inches  long,  1  ""'' 
broad,  and  G  deep.  After  it  has  brcii  hollowed  out  to 
(he  depth  of  an  inch,  leave  3  inches  by  way  of  shelf  on 
«Be  side,  and  cut  out  the  rest  lo  the  proper  depth,  gi- 
ving  the  inside  of  the  bottom  a  circular  form.  Fig.  ^ 
npresents  a  section  of  this  trough.  Two  inches 
fnm  each   end  cut  a  slit    in  the   shelf  to  the    depth 
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Book  T.     of  an  inch,  and  broad  enoucrb  to  admit  the  end  of  snuB 
glass  tubes,  or  the  points  of  small  retorts.   This  trougb 
is  to  be  filled  with  mercury  to  the  height  o>C^  inch  a* 
bove  the  surface  of  the  shelf.     Small  glass  jars  are  to 
be  procured  of  considerable  thickness  and  strength,'  and 
suitable  to  the  size  of  the  trough.     One  of  them  being 
filled  with  mercury  by  plunging  it  into  the  tnooghy 
is  to  be  placed  on  the  shelf  over  one  of  the  diu.    It 
ought  to  be  supported  in  its  position ;  and  the  most'con- 
venient  method  of  doing  that  is,  to  have  a  brass'  cylin- 
def  two  inches  high  screwed  into  the  edge  of  the  trongh 
just  opposite  to  the  border  of  the  shelf.     On  the  top  of 
it  is  fi:ced  two  flat  pieces  of  brass  terminating  each  in  s 
semicircle,  moveable  freely  upon  the  brass  cylinder,  and 
forming  together  a  brass  arm  terminating  in  a  circle,  the 
centre  of  which  is  just  above  the  middle  of  the  slit  io 
the  shelf,  when  turned  so  as  to  be  parallel  to  the  edge  of 
the  shelf.     This  circle  is  made  to  embrace  the  jar ;  be- 
ing formed  of  two  distinct  pieces,  its  size  may  be  incre^ 
sed  or  diminished  at  pleasure,  and  by  means  of  a  brass 
slider  it  is  made  to  catch  the  jar  firmljr.  "      - 

The  apparatus  being  thus  disposed,  two  or  three  oun* 
ces  of  common  salt  are  to  be  put  into  a  small  retort, 
and  an  equal  quantity  of  sulphuric  acid  added  ;  the 
beak  of  the  retort  plunged  below  the  surface  of  the 
mercury  in  the  trough,  and  the  heat  of  a  lamp  applied 
to  the  salt  in  its  bottom.  A  violent  effervescence  takes 
place ;  and  air  bubbler  rush  in  great  numbers  from  its 
beak,  and  rise  to' the  surface  ctf  the  mercury  in  a  nd- 
sible  white  smoke,  which  has  a  peculiar  odour.  Aftef 
allowing  a  number  of  them  to  escape,  till  it  is  supposed 
that  the  common  air  which  previously  existed  in  the 
retort  has  been  displaced,  plunge  its  beak  into  the  slit 
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ki  the  shelf,  over  which  the  glass  jar  hu  becQ  placed.    Chap.  II 
The  air  bubbles  soon  displace  the  mercury  and  till   ihe 
jar.     The  gas  thus  obtained  is  called  muriatic  acid gai. 

This  substance  in  a  state  of  solution  in  waier  was 
koovrn  even  to  the  alchemists  ;  but  in  a  gaseous  state  it 
was  first  examined  by  Dr  Priestley,  in  an  early  part  of 
that  illustrious  career  in  which  he  added  so  much  to  our 
knowledge  of  gaseous  bodies. 

1.  Muriatic  acid  gas  is  an  invisible  elastic  fluid,  re-  Propcitk 
sembllng  common  air  in  its  mechanical  properties.  Its 
specific  gravity,  according  to  the  experiments  of  Mr 
Kirwan,  is  1*929,  that  of  air  being  I'Oou,  at  the  tempe- 
rature of  60°,  barometer  30  inches  ;  lOO  cubic  inches 
of  it  weigh  50'S  grains.  Its  &nKU  is  pungent  and  pe- 
caltar  i  and  whenever  il  comes  in  contact  with  common 
KS-,  it  forms  with  it  a  visible  white  smoke.  If  a  little 
of  it  be  drawn  into  the  mouth,  ic  is  found  to  taste  ex- 
cessively acid  i  much  more  so  than  vinegar. 

Z.  Animals  are  incapable  of  breathing  it ;  and  when    DoniiM 
phioged  into  jars  filled  with  it,  they  die  instantaneous-   cumbuKli 
\j  in  convulsions.     Neither  will  any  combustible  burn    ""^    '■ 
in  it.     It  is  remarkable,   however,   thut  it  has  a  consi- 
derable eifect  upon   the  fiame  of  combustible  bodies; 
for  if  a  burning  taper  be  plunged  into  it,  the  £ame,  just 
before  it  goes  out,  may  be  observed  lu  assume  a  green 
colour,  and  the  same  tinge  appears  the  next  time   the 
taper  is  lighted  *. 

3.  If  a  little  of  the  blue  coloured  liquid,  which  is  oh-    """'"f^" 
Juned  by  boiling  red  cabbage  leaves  and  water  in  a  tin    blutiicd 
,  be  let  up  into  a  jar  filled  with  muriaiic  acid 
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.^^  K    K^  tt  assttmes  «  fine  red  colour.    This  chtnge  is  ooiw 

i'— .y  •.  ■    sidered  bj  phemistt  as  a  characteristic  propertjr  of 

aeidim 

Abwrbed  4.  If  a  little  water  be  let  op  into  a  jar  ffllod  with  this 

DT  wstcr* 

gas,  the  whole  gas  disappears  in  an  instant,  the  mercuij 

ascends,  fills  the  jar,   and   pushes  the  water  to  the 

very  top.     The  reason  of  this  is,  that  there  ejusts  a 

strong  affinity  between  muriatic  acid  gas  and  irater; 

and  whenever  thej  come  in  contact,  thej  comhnie  and 

form  a  liquid ;  or,  which  is  the  same  thii^,  the  waler 

absorbs  the  gas.     Hence  the  necessity  of  making  eaipe- 

riments  with  this  gas  oarer  mercury.     In  the  water  ois* 

tern  not  a  particle  of  gas  would  be  procured.      Nay, 

Ae  water  of  the  trough  would  rush  into  the  retort  and 

fill  it  completely.     It  is  this  affinity  between  muriatic 

acid  gas  and  water  which  occasions  the  white  smoke 

Aat  appears  when  the  gas  is  mixed  with  common  air. 

It  absorbs  the  vapour  of  water  which  always  exists 

•*  in  common  air.     The  solution  of  muriatic  acid  gas  in 

Water  is  usually  denominated  simply  tnuriaitc  acid  by 

demists. 

In  this  state  it  appears  to  have  been  known  to  the 

alchymists  ;  but  Glauber  was  the  first  who  extracted  it 

from  common  salt  by  means  of  sulphuric  acid.     It  was 

first  called  spirit  of  salty  afterwards  marine  acid,  and 

now,  pretty  generally,  muriatic  acid*.     It  is  prepared 

for  commercial  purposes,  by  mixing  together  one  part 

of  common  salt  and  seven  or  eight  parts  of  clay,  and 

distilling  the  mixture ;  or  by  distilling  the  usual  pro^ 

portion  of  common  salt  and  sulphuric  acid^  and  re- 
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ceiving  the  product  in  a  receiver  containing  water.   For    Ch«p.  ill. 
chemical  purposes  it  maj  be  procured  pure  in  the  fol- 
lowing manner. 

A  hundred  puts  of  dr^  common  salt  arc  put  into  a 
glass  matrass,  lo  which  there  is  adapted  a  bebt  glass 
tube  that  passes  into  a  small  Wolf's  bottle.     From  this  I 

bottle  there  passes  also  a  glass  tube  into  anotlier  larger  I 

bottle,  containing  a  quantity  of  water  equal  in  weight  J 

to  the  common  salt  employed.     When  the  apparatus  is  •  j 

properly  secured  by  luting,  73  parts  of  sulphuric  acid'  I 

are  poured   into  the  common  salt  through  a  mouth  of  I 

the  matrass,  furnished  with  a  proper  stopper.     Heat  is  I 

then  applied.     The  sulphuric  acid  displaces  the  muri-  j 

nttc  acid,  which  passes  over  and  is  condensed  in  the  wa. 
ter  of  the  large  bottle,  while  any  sulphuric  acid  that 
may  be  driven  over  by  the  heal  is  condensed  in  the 
smaller  bottle,  and  thus  does  not  injure  the  purity  of  thf 
muriatic  acid. 

A  cubic  inch  of  water  at  the  temperature  of  60",  ba-    proponioa, 
romefer  29*4°,  absorbs  513  inches  of  muriatic  acid  gas, 
which  is  equivalent  to  308  grains  nearly.     Hence  wa- 
ter thus  impregnated  eontaim  0-548,  or  more  than  half 
its  weight  of  muriatic  acid,  in  the  same  stMc  of  purity        '  dkP''  J 
a^  when  gaseous.      I   caused  a  current  of  gas  to   pass 
through  water  till  it  refused  to  absorb  any  more.     The 
specific  gravity  of  the  acid  thus  obtained  was  l-£03. 
If  we  suppose  that  the  water  in  this  experiment  absorb- 
ed as  much  gas  as  in  the  last,  it  will   follow  from  it,  * 
that  six  parts  of  water,  by  being  saturated  with  this 
gas,  expanded  so  as  to  occupy  very  nearly  the  bulk  of  1 1  i 
parts  i  but  in  all  my  trials  the  expansion  was  only  to                     I 
nine  parts.     This  would  indicate  a  specific  gravity  of                   I 
1"477  ;   yet  upon  actually  trying  water  thus  satura-                    1 
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ted,  its  specific  gmvitj  was  only  1*203.     Is  this  dif* 
£ereDce  owing  to  the  gas  that  escapes  daring  the  taking 

of  the  specific  gravhj  ? 

During  the  absorption  of  the  gas,  the  water  becomes 
hot.  Ice  also  absorbs  this  gas,  and  is  at  the  same  time 
liquefied.  The  quantity  of  this  gas  absorbed  by  water 
diminishes  as  the  heat  of  the  water  increases,  and  at  a 
boiling  heat  water  will  not  absorb  any  of  it.  When 
water  impregnated  with  it  is  heated,  the  gas  is  again 
expelled  unaltered.  Hence  muriatic  acid  gas  may  be 
procured  by  heating  the  common  muriatic  acid  of  com- 
merce. It  was  by  this  process  that  Dr  Priestley  first 
obtained  it. 

The  acid  thus  obtained  is  colourless :  it  has  a  strong 
pungent  smell  similar  to  the  gas,  and  when  exposed  to 
the  air  is  constantly  emitting  visible  white  fumes.  The 
Viuriatic  acid  of  commerce  is  always  of  a  pale  yellow 
eolour,  owing  to  a  small  quantity  of  iron  which  it  holds 
ia  solution. 

As  muriatic  acid  can  only  be  used  conveniently  when 
dissolved  in  water,  it  is  of  much  consequence  to  know 
bow  much  pure  acid  is  contained  in  a  given  quantity  of 
liquid  muriatic  acid  of  any  particular  density.  Now 
the  specific  gravity  of  the  strongest  muriatic  acid  that 
can  easily  be  procured  and  preserved  is  1*196:  it  would 
be  needless,  therefore,  to  examine  the  purity  of  any 
muriatic  acid  of  superior  density.  Mr  Kirwan  calcu« 
latcd  that  muriatic  acid,  of  the  density  of  1*196,  con- 
tains 0*2528  of  pure  acid  :  then,  by  means  of  experi* 
ments,  he  formed  the  following  Table*  : 


*  Nicholson*!  quarto  y9irr.  iii.  113.    M7  eiperlmemt,  as  the  rctdw 
wiUobserv«i  arc  not  reconcilable  with  this  table. 
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QKap.m. 

109  Faru 

Real 

lOO  Parts 

Real 

Sp.  Grtvitj. 

Acid. 

Sp.  Gravky. 

Acid. 

/ 

1'19<5 

25-28 

1-1282 

16-51 

• 

1*191 

24-76 

11244 

15*99 

1-187 

24-25 

1-1206 

15-48 

1-183 

23-13 

1-1168 

14-96 

l'n9 

23-22 

1-1120 

14-44 

riis 

22-70 

1-1018 

13-93 

1-ni 

22-18 

1-1030 

13-41 

1-167 

21-67 

1-0984 

12-90 

1-163 

21-15 

1-0942 

12-38 

1-J59 

20-64 

rofio 

11-86 

1-155 

2012 

1-0868 

11-35 

1-151 

19-60 

1-0826 

10-83 

1-147 

19-09 

1-07S4 

10-32 

1-1414 

18-57 

1-0742 

9-80 

• 

1-1396 

18-06 

1-0630 

8-25 

1-1358 

17-54 

1-0345 

-5-16 

1*1320 

17-02 

1-0169 

.2-58 

II«  Muriatic  acid  is  capable  of  combining  with  oxj-   Combioet 

witi 
gen, 


gen,  and  forms  with  it  compounds  wbich  have  a  con«   ^V   ^^^' 


sid^rable  analogy  to  the  compounds  of  azote  with  the 
same  principle. 

1.  When  muriatic  acid  is  poured  upon  black  oxide  And  forms, 
of  manganese^  an  effervescence  takes  place ;  and  bj  the  rlatic  add ; 
assistance  of  heat  a  gas  comes  over,  which  maj  be  re- 
ceived  over  water.  Scheele,  the  discoverer  of  this  gas, 
called  it  depblogisticated  muriatic  acid ;  but  it  is  now 
known  bj  the  name  of  oxjhmuriatic  acid.  It  has  a  green 
colour,  a  most  detestable  odour,  and  is  very  readily 
absorbed  by  water,  to  which  it  communicates  its  colour 
and  properties.  Berthollet  filled  a  bottle  with  this  im- 
pregnated water,  fitted  a  bent  tube  to  its  mouth,  con- 
nected  it  with  a  water  trough,  and  exposed  it  to  sun- 


I 
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thine ;  the  liquid  gridusilly  lost  its  colour,  bubbles  of 
gsis  separated,  and  were  collected  in  a  jar.  The  gas  on 
examination  was  found  to  be  oxygen,  and  the  water 
was  impregnated  with  common  muriatic  acid.  This 
experiment  demonstrates,  that  the  constituents  of  0x7- 
muriatic  acid  are  oxjgen  and  muriatic  acid.  By  esti- 
mating the  bulk  of  the  oxygen  that  escaped,  and  the 
weight  of  the  acid  that  remained,  Berthollet  concluded 
that  oxymuriatic  acid  is  composed  of  about 

89  muriatic  acid 
11  oxygen 


f.Hfptfw 

tk  acid 


100 

But  Mr  Chenevix  has  more  lately,  from  an  experiment 
to  be  described  hereafter,  made  the  proportion  of  oxygen 
much  higher.  According  to  him  the  gas  is  composed 
of  about 

77'5  muriatic  acid 
22*5  oxygen 


100*0 


2.  When  a  current  of  oxymuriatic  acid  is  passed 
through  water  holding  potash  in  solution,  a  number  of 
flat  shining  crystals  are  at  last  deposited.  They  were 
first  obtained  by  Dr  Higgins,  but  first  examined  and 
analysed  by  Berthollet.  These  crystals  are  called  hyttr* 
oxymuriate  of  potash.  When  this  salt  is  exposed  to  a  snf* 
(ciently  strong  heat,  it  gives  more  than  ^d  its  weight  of 
oxygen  gas :  the  residue  is  a  compound  of  muriatic 
acid  and  potash.  The  acid  in  this  salt,  of  course,  coq« 
tains  much  more  oxygen  than  oxymuriatic  acid.     Ac* 


vimiATio  jLcm*  Its 

cording  to  Chcaevu^  who  h%%  lately  cxtmined  it»  the    ^^ '"-. 
coostitiicnts  are 

34  muriatic  add ' 
00  ozjgea 

100 

III.   The  action  of  muriatic  acid  on    the  simple  ^^^^ 
comboatibles  has  not  been  examined  with  much  at^  buidblct. 
tention* 

1«  Hydrogen,  as  far  as  we  know  at  present,  does  not 
unite  with  muriatic  acid. 

2.  Carbon  is  not  supposed  to  combine  with  it.  Char- 
coal has  the  property  of  absorbing  it  very  rapidly ;  but 
the  change  produced  by  the  absorption  has  not  been 
ascertained. 

3.  Phosphorus,  according  to  Dr  Priestley's  ezperi* 
ments,  absorbs  very  little  muriatic  acid  *• 

4*  Sulphur,  according  to  Dr  Priestley,  imbibes  it  Sul^tiret. 
slowly  f.  When  a  current  of  oxjmuriatic  acid  gas  is 
passed  over  flowers  of  sulphur  in  a  glass  vessel,  the 
sulphur  is  gradually  converted  into  a  fine  red  liquid, 
which  I  consider  as  a  compound  of  muriatic  acid  and 
oxide  of  sulphuir »  uid  which,  therefore,  may  be  termed 


*  Pirieftlfy  «•  Air,  n.  aSj.  He  affirms  that  the  photphonis  mokes 
pTCS  light  io  muriatic  acid  gas  as  in  common  air ;  but  on  repeat- 
ing the  cxperimesc  I  ptrceived  bo  such  effects.  Pricstk  j  *s  gas,  o£  course, 
fimtaioed  air. 

t  Ibid*  Jlie  mft  falphur  imbibed  i-5th,  and  left  a  residue  of  4-5th| 
idlammtble  sir,WrDinf  with  a  blue  flame.  This  experiment  requires 
fcpetitifln. 
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^5*  '•     sulpburetedntttriatic  acid*.    It  weighs  more  than  tride 

the  suJphur  employed. 

It  is  perfectly  liquid ;  its  colour  is  a  fine  red^  Interme- 
diate between  scarlet  and  crimson.  When  streaks 
of  it  run  down  the  inside  of  the  phial,  they  appear 
green  by  transmitted  light.  Its  specific  gravity  is 
1-623. 

When  exposed  to  air  it  smokes  very  much.  It  b 
very  volatile,  disappearing  very  rapidly  when  exposed 
to  a  moderate  heat. 

Its  smell  has  a  strong  resemblance  to  that  of  sea- 
plants,  but  is  much  stronger.  The  eyes,  when  exposed 
to  its  fumes,  are  soon  filled  with  tears,  and  acquire  the 
same  painful  feeling  as  when  exposed  to  the  smoke  of 
wood  or  peat. 

Its  taste  is  strongly  acid,  hot,  and  bitter,  afiechng  the 
throat  with  a  painful  tickling. 

It  converts  vegetable  blue  papers  to  red ;  but  the 
change  takes  place  slowly,  unless  the  paper  be  dipt 
into  water ;  the  paper  is  not  corroded  unless  heat  be 
applied. 

If  a  drop  of  it  be  let  fall  into  a  glass  of  water,  the 


•  PfTthollct  Junior  has  lately  repeated  my  experiments  on  this  cunons 
compound  (Mrm.  D\4rcueiiy  u  i6i.)  He  endeavours  to  prove  that  the 
Milphur  is  not  in  the  state  of  in  oxide,  but  that  the  liquor  is  a  triple  com* 
pound  of  oxygen,  sulphur,  and  muriatic  acid,  and  thinks  that  hit  experi- 
ments are  inconsistent  with  mine,  because  he  extracted  the  sulphur  pure» 
and  not  in  the  state  of  an  oxide.  It  is  plain  from  this  that  he  has  neTer 
consulted.my  paper  publiiiied  in  Nicholson's  Jour.  vi.  104.  He  would 
have  seen  that  I  always  obtained  the  sulphur  in  the  satne  state,  and  inferred 
the  presence  of  oxygen  from  the  formation  of  sulphuric  acid  when* 
ever  the]  liquid  i«  deer  mpo^ed.  A  fsct  confirmed  br  hit  own  ex- 
periments. 
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surface  of  the  water  becomes  immediately  covered  with  ,^^^M^*^ 
a  film  of  sulphur ;  a  greenish  red  globule  falls  to  the 
bottom,  which  remains  for  some  time  like  a  drop 
of  oil,  but  at  last  is  converted  into  yellow  flakes.  These 
flakes  have  an  acid  taste,  which  they  do  not  lose,  though 
allowed  to  remain  in  water,  for  several  days ;  they 
are  very  ductile,  and  continue  so,  though  left  exposed 
to  the  air* 

-  When  thrown  into  warm  nitric  acid,  a  very  violent 
effervescence  takes  place,  and  the  whole  mixture  is 
thrown,  with  a  kind  of  explosion,  out  of  the  vessel.  If 
the  acid  be  cold,  the  effervescence  is  at  first  slow,  but 
heat  is  very  soon  evolved,  and  the  same  efliects  produ- 
ced. When  the  proportion  of  nitric  acid  is  great,  and 
the  sulphurct  dropt  in  very  slowly,  the .  effervescence 
continues  moderate  ;  nitrous  gas  and  oxymuriatic  gas 
being  evolved. 

It  dissolves  phosphorus  cold  with  great  facility.  No 
effervescence  takes  place  ;  tlie  solution  has  a  fine  am- 
ber colour,  and  is  permanent.  When  evaporated,  the 
phosphorus  remains  behind  with  a  little  sulphur,  and  at 
last  takes  fire.  When  the  solution  is  mixed  with  liquid 
potash,  the  whole  becomes  beautifully  luminous,  and 
phosphuret  of  sulphur  is  precipitated. 

According  to  my  analysis,  it  is  composed  of 

44'QO  oxide  of  sulphur 

35*75  muriatic  acid 

20*25  loss 


100*00  * 


^  See  Nicho]son*6  ypvr.  vi.  X04 
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IV.  We  are  not  acquamted  with  aajr  eombiqBtiQB  of 

muriatic  acid  and  azote ;  but  when  ndxM  with  nitric 
acid  it  forms  a  compound  possessed  of  very  remariuhk 
properties :  it  was  formerlj  called  ajua  r§giap  hat  b 
now  better  known  bj  the  name  of  miro^mariaiie  metd, 

V.  When  electric  exf^osions  are  made  to  pass  duoagh 
muriatic  acid  gas,  its  bulk  is  diminished,  and  hydrogen 
gas  is  evolved.  At  the  same  time,  if  the  ezperimeal 
be  made  over  mercury,  a  quantity  of  mnraate  of  nKrcu- 
ry  is  formed.  These  changes  continue  to  take  phoe 
for  a  limited  time  only ;  after  which  electricity,  ceases  to 
produce  any  farther  change.  They  are  always  proper* 
tiooalto  the  moisture  of  the  gas,  and  have  been  shown 
by  Dr  Henry  to  be  owing  to  the  decomposition  of  the 
water  held  in  solution  by  the  gas.  The  oxygen  of  the 
water  combines  with  part  of  the  acid,  and  forms  oijm 
muriatic  acid»  while  its  hydrogen  is  set  at  liberty.  Dr 
Henry  has  shown  that  100  cubic  inches  of  moriitic 
acid  gas,  after  being  made  as  dry  as  possible,  by  stand- 
ing over  quicklime  or  other  bodies  which  absorb  mois« 
ture,  still  contain  1*4  grains  of  water  in  solution :  but 
this  water  may  be  completely  decomposed  and  removed 
by  means  of  electricity.  Here  then  is  a  method  of  de« 
priving  this  gas  altogether  of  water  *•  When  muriatic 
acid  gas  and  carbureted  hydrogen  gas  are  mixed,  elec- 
tricity decomposes  the  water,  and  carbonic  acid  and  hy- 
drogen gas  are  evolved.  After  the  water  is  completely 
decomposed,  electricity  produces  no  farther  efiectf  • 

VI.  Morveau  first  showed  that  muriatic  acid,  in  the 
state  of  gas,  neutralizes  putrid  miasntata,  and  by  that 


*  WUholMlk*t  Jwmaly  lY.  209. 


t  Henry.    Ibid. 
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means  destroys  (heir  bad  effects.  In  1773,  the  cathe- 
dral of  DijoD  was  so  infected  bj  putrid  exhalations,  thai 
it  was  deserted  altogether  after  several  unsuccessful  at- 
tempts to  purify  it.  Applieaiiou  was  made  lo  Mr 
Morveau,  at  that  time  professor  of  chemistry  ai  Dijon, 
to  see  whether  he  knew  any  method  of  destroying  these 
exhalations.  Having  poured  two  pounds  of  sulphuric 
acid  on  six  pounds  of  common  sail,  contained  in  a  glass 
capsule,  which  had  been  placed  on  a  few  live  coals  in 
the  middle  of  the  church,  he  withdrew  precipitately,  and 
shut  all  the  doors.  The  muriatic  acid  gas  soon  filled 
the  whole  cathedral,  and  could  even  be  perceived  at  the 
door.  After  twelve  hours,  the  doors  were  thrown  open, 
and  a  current  of  air  made  to  pass  through  to  remove 
the  gas.  This  destroyed  completely  every  putrid  o- 
dour*. 


Such  are  the  properties  of  the  simple  incombusiible 
bodies.  Like  the  combusiibles,  their  predominunt  cha- 
racter is  their  affinity  for  osygen.  Bui  they  unite  with- 
out the  phenomena  of  combustion  ;  hence  the  com- 
pounds which  they  form  with  oxygen  are  supporters 
of  combustion.  The  quantity  of  oxygen  which  each  is 
capable  of  condensing  does  not  dltTer  nearly  so  much  as 
we  observe  in  the  case  of  the  combustibles. 

100  muriatic  acid  condenses  194  oxygen 

100  axole 236  oxygen 

If  we  judge  of  the  affinity  by  the  power  of  condensa- 
tiqii«it  will  follow,  that  azote  has  a  stronger  affinity  for 


Cambina. 
tion  »iih 


Pit.  I. 
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^y  I*  oxygen  than  muriatic  acid.  If  the  properties  of  the 
Vi  I  ^  ■'  oxygen  predominates  most  in  those  compounds  in  which 
the  base  has  the  least  affinity  for  it,  then,  in  that  case, 
hyperozymuriatic  acid  ought  to  be  a  better  supporter  of 
combustion,  and  to  act  with  more  energy,  than  nitnc 
acid ;  which  is  the  case. 
Asote  Azote  unites  with  three  doses  of  oxygen  at  least,  and 

unitei  with    form- 
three  dozes.   '^^™» 

1.  Nitrous  oxide 

2.  Nitric  oxide 

3.  Nitric  acid. 
Moriittc          Muriatic  acid  unites  with  two,  and  forms, 
JJI^'^**^                                    1.  Oxy muriatic  acid 

2*  Hyperoxymuriatic  acid. 

The  combinations  of  the  simple  incombustibles  with 
the  combustibles  have  not  hitherto  excited  much  of  the 
attention  of  chemists. 

Analogies,  to  be  pointed  out  hereafter,  lead  us  to  sop- 
pose  both  azote  and  muriatic  acid  to  be  compooa^ ; 
but  till  some  fortunate  experiment  ascertain  their  com* 
ponent  parts,  we  are  under  the  necessity  of  considetiog 
them  as  simple. 


4^- 

METALS. 


CHAP.  IV. 


OF  METALS. 


I.    iYl£TAt.s  maj  be  considered  as  the  great  instru-    Propertiei 
inents  of  all  our  improvements :  Without  them,  many   ^    . 
of  the  arts  and  sciences  could  hardly  have  existed*     So 
sensible  were  the  ancients  of  their  great  importance, 
that  they  raised  those  persons  who  first  discovered  the 
art  of  working  them  to  the  rank  of  deities.     In  che- 
miitry,  they  have  always  filled  a  conspicuous  station  : 
at  one  period  the  whole  science  was  confined  to  them  ; 
and  it  may  be  said  to  have  owed  its  very  existence  to  a 
rage  for  making  and  transmuting  metals. 

1.  One  of  the  most  conspicuous  properties  of  the  loicm. 
metals  is  a  particular  brilliancy  which  they  possess, 
and  which  has  been  called  the  metallic  Uuire.  There  are 
other  bodies  indeed  (mica  for  instance)  which  appa- 
rently possess  this  peculiar  lustre ;  but  in  them  it  is  con- 
fined to  the  surface,  and  accordingly  disappears  wbett 
they  are  scratched  ;  whereas  it  pervades  every  part  of 
the  metals.  This  lustre  is  occasioned  by  their  reflect- 
ing much  more  light  than  any  other  bodiet ;  a  property 
y^hich  seems  to  depend  partly  on  the  closeness  of  their 
texture.  This  renders  them  peculiarly  proper  for  mir-' 
rors,  of  which  they  always  forol  ih#  baiit. 

I2 
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2.  They  are  perfiectlj  obaque,  or  impervious  toUght, 
even  after  they  have  been  reduced  to  very  thin  plates. 
Silver  leaf,  for  instance,  ,00'^^^  of  an  inch  thick,  does 
not  permit  the  smallest  ray  of  light  to  pass  through  it. 
Gold,  however,  when  very  thin,  is  not  absolutely  0- 
paque :  for  gold  leaf  ,,^'^^5  of  an  inch  thick,  whea 
held  between  the  eye  and  the  light,  appears  of  a  lively 
green  ;  and  must  therefore,  as  Newton  first. remarked, 
transmit  the  green  coloured  rays.  It  is  not  improbable 
that  all  other  metals,  as  the  same  philosopher  supposed, 
would  also  transmit  light  if  they  could  be  reduced  to  a 
sufficient  degree  of  thinness*  It  is  to  this  opacity  that 
a  part  of  the  excellence  of  the  metals,  as  mirrors,  is 
owing  ;  their  brilliancy  alone  would  not  qualify  them 
for  that  purpose. 

3.  They  may  be  melted  by  the  application  of  beat, 
and  even  then  still  retain  their  opacity.  This  property 
enables  us  to  cast  them  in  moulds,  and  then  to  give 
them  any  shape  we  please.  In^his  manner  many  ele- 
gant iron  utensils  are  formed.  Different  metals  differ 
exceedingly  from  each  other  in  their  fusibility.  Mer- 
cury is  so  very  fusible,  that  it  is  always  fluid  at  the  or- 
dinary temperature  of  the  atmosphere  ;  while  other 
metals,  as  platinum,  cannot  be  melted  except  by  the 
most  violent  heat  which  it  is  possible  to  produce. 

4.  Their  specific  gravity  is  exceedingly  various, 
more  so  indeed  than  that  of  any  other  class  of  bodies 
at  present  known.  The  greater  number  of  them  art 
heavier  than  any  other  known  substances.  This  in* 
deed,  till  very  lately,  was  considered  as  a  character  be* 


31=S 
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longing  to  them  all.  But  several  very  singular  me-  Chip,  iv. 
tals,  discovered  by  Mr  Davy,  arc  not  so  heavy  as 
water,  and  of  course  much  lighter  than  most  stony 
bodies.  Plalinun,  the  heaviest  of  the  metals,  is  23 
times  heavier  than  water ;  while  the  specific  graviry  of 
potasium  is  only  0*6,  that  of  water  being  l. 

5.  They  arc  the  best  conductors  of  electricity  of  sU   Conductlnj 
the  bodies  hitherto  tried.  '""'"' 

6.  None  of  the  metals  is  very  hard;  bat  some  of  Hirdneii, 
them  may  be  hardened  by  art  to  such  a  degree  as  to 
exceed  the  hardness  of  almost  all  other  bodies.     Hence 

the  omnerous  cutting  instmments  which  the  moderns 
make  of  steel,  and  which  the  ancients  made  of  a  combi- 
nation of  copper  and  tin. 

7.  The  elasticity  of  the  metals  depends  upon  theit  EliW'cisT- 
hardness  i  and  it  may  be  Increased  by  the  same  process 

by  which  their  hardness  is  increased.  Thus  the  steel 
of  which  the  balance-springs  of  watches  is  made  is  al- 
most perfectly  elastic,  though  iron  in  its  natural  state 
possesses  but  ]iitle  elasticity. 

8-  But  one  of  their  most  important  properties  is  ma/-  M»Ilwbi- 
lealility,  by  which  is  meant  the  capacity  of  being  ex- 
tended and  flattened  when  struck  with  a  hammer.  This 
property,  which  is  peculiar  to  metals,  enables  us  to  give 
the  metallic  body  any  form  we  think  proper,  and  thus 
renders  it  easy  for  us  to  convert  them  into  the  va- 
rious instruments  for  which  we  have  occasion.  All 
metals  do  not  possess  this  property  ;  but  it  is  rematk- 
aUe  that  almost  all  those  which  were  known  to  the  an- 
cients have  it.  Heat  increases  this  property  consider- 
ably. Metals  become  harder  and  denser  by  being  ham- 
mered. 

f  Another  property,  which  is  also  wanting  in  many    DoMllitf! 
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Boojk  I*,  of  the  metals,  is  ductiHiy  ;  bj  which  we  meaa  the  ci^ 
pacity  of  being  drawn  out  {nto  wire  bj  being  forced 
through  holes  of  various  diameters. 

10.  Ductilitj  depends,  in  some  measure,  on  another 
property  which  metals  possess,  namely  Utmcity ;  by 
which  is  meant  the  power  which  a  metallic  wire  of  i 
given  diameter  has  of  resisting,  without  breaking,,  the 
action  of  a  weight  suspended  ffom  its  extremity.  Me* 
tals  differ  exceedingly  from  each  other  in  their  fepad- 
ty«  An  iron  wire,  for  instance,  -^^Xh  of  an  inch  in  di- 
ameter, will  support,  without  breaking,  abont  SOOlb. 
weight ;  whereas  a  lead  wire,  of  the  same  diameter,  will 
not  support  above  2{^lb. 

11.  When  metals  are  exposed  to  the  action  of  lieat 
and  air,  most  of  them  lose  their  lustre,  and  are^gradu- 
ally  converted  into  earthy-like  powders  of  different  eo- 
lours  and  properties,  according  to  the  metal  and  the  de- 
gree of  heat  employed.  Several  of  them  even  take 
fire  when  exposed  to  a  strong  heat  \  and  after  combu»> 
tion  the  residuum  is  found  to  be  the  very  same  earthy- 
like  substance. 

1.  All  metals,  even 'the  few  that  resist  the  action  of 
heatt  and  air,  undergo  a  similar  change  when  exposed 
to  acids,  especially  the  sulphuric,  the  nitric,  and  the  mu- 
riatic, or  a  mixture  of  the  two  last.  All  metals,  by 
these  means,  may  be  converted  into  powders,  which 
have  no  resemblance  to  the  metals  from  which  they 
were  obtained.  These  powders  were  formerly  called 
cakes  ;  but  at  present  they  are  better  known  by  the 
name  of  oxides.  They  are  of  viarious  colours  according 
to  the  metal  and  the  treatment,  and  are  frequently  ma- 
nufactured in  large  quantities  to  serve  as  paints. 
RadactiMi.        2.  When  these  oxides  are  mixed  with  charcoal  pow* 


Oxides  or 
calces. 


VP 
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der,  and  beatcd  in  a  crucible,  they  lose  their  earthy  «p-  Chtp. ' 
pearance,  and  are  changed  again  into  the  metali  from 
which  they  were  produced.  Oil,  tallow,  hydrogen  gas, 
and  other  combustible  bodies,  may  be  often  subttituted 
for  charcoal.  By  this  operation,  which  is  called  the 
reduction  of  the  oxides,  the  combustible  is  diminished, 
and  indeed  undergoes  the  very  sanne  change  z%  when  it 
is  burnt.  In  the  language  of  Stahl,  it  loses  its  phlogis' 
tun  ;  and  ihia  induced  him  to  conclude  that  metals  are 
composed  of  earth  and  phhgi-Hon.  He  was  of  opinion,  ^'^f  Jj, 
that  there  is  only  one  primitive  earth,  which  not  only  cnmpon 
forms  the  basis  of  all  those  substances  known  by  the  ^^ 
name  of  earths,  but  the  basis  also  of  all  the  metals.  He 
found,  however,  that  it  was  impossible  to  combine  any 
mere  earth  with  phlogiston  ;  and  concluded,  therefore, 
with  Beccher,  that  there  is  another  principle  besides 
earth  and  phlogiston  which  enters  into  the  composition 
of  the  metals.  To  this  principle  BeccVr  gave  the  name 
of  mercurial  earth,  because,  according  to  him,  it  exists 
most  abundantly  in  mercury.  This  principle  was  sup- 
posed to  be  very  volatile,  and  therefore  lo  fly  off  during 
calcination  ;  and  some  chemists  even  affirmed  that  it 
might  be  obtained  in  the  soot  of  those  chimneys  under 
which  meials  have  been  calcined. 

A  striking  defect  was  soon  perceived  in  this  theory. 
Tlte  original  metal  may  be  again  produced  by  heating 
its  oxide  along  with  some  other  substance  which  (Con- 
tains phlogiston.  Now,  if  the  mercurial  earth' flies  off 
during  combustion,  it  cannot  he  necessary  for  the  for- 
mation of  complete  metals,  for  they  miy  be  produced 
without  it :  if,  on  the  contrary,  it  adheres  always  to  the 
calx,  there  is  no  proof  of  its  existence  at  all.  Che. 
mists,  in  consequence  of  these  obser^'aM')ns.  found  them- 
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selves  obliged  to  discard  the  loercunat  principle  all»- 
gelher,  and  to  conclude,  tluc  metals  tae  coinpOKd  of 
earth  only  united  to  phlogision.  But  U  this  be  re^llj 
the  casCf  how  comes  it  that  these  two  substances  can- 
not be  tmited  ^b^  art  ?  Henkel  was  the  first  who  U- 
'  templed  to  solve  this  difficulty.  According  to  him, 
earth  and  phlogiston  are  substances  of  so  opponte  a 
nature,  that  it  is  exceedingly  difficulty  or  rather  it  has 
been  hitherto  impossible  for  us  to  commence  thcif 
union  ;  but  after  it  has  been  once  begun  by  Nature,  it 
is  an  easy  mailer  to  complete  it.  No  calcination  has 
hitherto  deprived  the  metals  of  all  tlieir  phlogiMoQi 
some  still  adheres  to  the  calces.  It  is  this  remainder  of 
phlogiston  which  renders  it  so  easy  to  reslorc  ihcm  to 
their  mettltic  state.  Were  ihe  calcination  to  be  con- 
tinued long  enough  to  deprive  them  altogether  of  phlo- 
giston, ihey  would  be  reduced  to  the  state  of  other 
eartlis ;  and  then  it  would  be  equally  difficult  to  convert 
them  into  metals,  or,  to  use  a  chemical  term,  to  rtJurt 
then).  Accordingly  we  lind,  that  itie  more  completely 
a  calx  has  been  calcined,  the  more  difficult  is  its  re- 
duction. This  explanauon  was  favourably  received. 
But  after  the  characteristic  propenies  of  the  various 
earths  had  been  ascertained,  and  the  calces  of  metals 
were  accurately  examined,  it  was  perceived  that  the 
calces  differ  in  many  particulars  from  all  the  earths, 
and  from  one  another.  To  call  them  all  ihe  same  sub- 
stance, then,  was  to  go  much  farther  than  either  expe- 
riment or  obserx'ation  would  warrant,  or  rather  it  was 
to  declare  open  war  against  both  experiment  and  ob- 
servalion.  It  was  concluded,  therefore,  that  each  of 
the  metals  is  composed  of  a  peculiar  earthy  luhtamet 
combined  with  phlogiston.      For  this  great  i 
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ipCM  ia  sccuracjr,  cbecnistry  is  chiefly   iodebtcd   to    Chap.iv. 
pargman. 

.  But  there  were  several  phcnoinena  of  caldnation 
«r)ucb  had  all  this  time  been  unaccountably  ovetlook- 
•kIi  The  oxides  are  all  considerably  heavier  than  the 
ineUts  from  which  they  are  obtained.  Boyle  had  ob- 
airved  this  circumstance,  and  had  ascribed  it  to  a  quan- 
ti^  ai firt,  which  according  to  him  became  fixed  ia  the 
■neUl  during  the  process*.  Hut  succeeding  chemists 
paid  little  attention  to  it,  or  to  the  action  of  ajr,  tilt  Mr  Rsf"'*!!  tf 
ItSVoisier  published  his  celebrated  experiments  on  cal- 
MDBtioii,  in  the  memoirs  of  the  Paris  Acadfmy  for 
1714.  He  put  eight  ounces  of  tin  into  a  large  glass 
Wort,  (he  point  of  which  was  drawn  out  into  a  very 
iknder  tube  to  admit  of  easy  fusion.  The  retort  was 
bested  slowly  till  the  tin  began  to  melt,  and  then  seal- 
ed hermetically.  This  henc  was  applied  to  expel  lome 
of  the  air  from  the  retort;  without  which  precaution 
it  would  have  expanded  and  burst  the  vessel.  The 
ictort,  which  was  capable  of  containing  250  cubic  in* 
cbes,  was  then  weighed  accurately,  and  placed  again  up., 
on  the  fire.  The  tin  soon  melted,  and  a  peliiclc  formed 
on  its  top,  which  was  gradually  convened  into  a  grey 
powder,  that  sunk  by  a  little  agitation  to  the  bottom  of 
the  liquid  metal :  in  short,  the  tin  was  partly  converted 
into  a  tah.  This  process  went  on  for  three  hours; 
after  whicb  the  calcination  stopped,  and  no  further 
change  could  be  produced  on  the  metal.  The  retort 
was  then  taken  from  the  fire,  and  found  to  be  precisely 
ef  the  same  weight  as  before  the  operation.     It  is  evi* 
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Bookt.  dent  then  that  no  new  substance  had  been  introduced  ( 
and  that  therefore  the  increased  weight  of  the  calces  can- 
ndty  as  Boyle  supposed,  be  owing  to  the  fixation  of  fire^. 
When  the  point  of  the  retort  was  broken,  the  w 
tushed  in  with  a  hissing  noise,  and  the  weight  of  the 
retort  was  increased  bj  ten  grains.  Ten  grains  of  air, 
therefore,  must  have  entered,  and,  consequently,  pre- 
cisely that  quantity  must  have  disappeared  daring  the 
calcination.  The  metal  and  its  calx  being  weighed. 
Were  fi^und  just  ten  grains  heavier  than  before :  there- 
fore  the  air  which  disappeared  was  absorbed  by  the 
xnetal :  and  as  that  part  of  the  tin  which  remained  in  a 
metallic  state  was  unchanged,  it  was  evidjcnt  that  this 
air  mast  have  united  with  the  calx.  The  increase  of 
weight,  then,  which  metals  experience  during  calcina- 
tion/is  owing  to  their  uniting  with  airf.  But  all  the 
air  in  the  vessel  was  not  absorbed,  and  yet  the  calcina- 
tion would  not  go  on.  It  is  not  the  whole,  then,  but 
some  particular  part  of  the  air  which  unites  with  the 
calces  of  metals.  By  the  subsequent  discoveries  of 
Priestley,  Scheele,  and  Lavoisier  himself,  it  has  been 


*  This  arpcriqici^t  had  been  performed  by  Boyle  wit)i  the  is^nc  mc- 
ress.  He  had  drawn  a  wrong  conclp^ion  from  npt  attending  to  the  state 
of  the  air  of  the  vmscI.     Shatv\  Boyle,  ii.  394. 

f  It  it  remarkable  that  Jchn  Rcy,  a  physician  of  Perigord,  had  aacrt- 
Wd  it  to  this  very  cause  as  far  bacl^  as  the  year  2630:  bui  his  wriiii^ 
had  excited  little  attention,  and  had  sunk  into  oblivion,  till  his  opinkm 
had  been  iocoritestibly  proved  by  Lavoisier.    Mayow  also,  m  the  year 
it(94,  ascribed  the  increase  of  weight  to  the  combination  of  the  metala^th 
oxygen.    **  Quippe  viz  concipi  pite»t  (says  he),  iinde  augmentom  Olnd 
antimonii  (calcinati)  nisi  .1  particulisnitro-acreisigneifque  inter  caldnao- 
Hum  Fixis  procedat."     Trsgt.  p.  ^8^ —  **  Plane  ut  antimonii  fizatio  noa 
tarn  a  sulphuris  ejus  eztcmi  assumptionr,  quam  particulis  nitro-aereiiy 
^uibua  fltmma  nitri  abundat,  zi  iNrixisprovcnire  vidcacin.**  iWp.  29. 
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ascertained,  that  the  lesiduum  of  the  air,  after  calcina- 
tion haibcen  performed  in  ii.is  always  pure  azotic  gas: 
It  follows,  therefore,  that  it  is  only  the  oxygen  which 
combines  wiih  calces  ;  and  ihat  s  metallic  calx  is  not 
a  simple  substance,  but  a  compound. 

Mr  Lavoisier  observed,  that  the  weight  of  the  oxide 
wasalwaysequal  to  that  of  the  meial  employed,  together 
with    that  of  the  oxygen  absorbed.     Hence  he  com- 
cluded,  that  the  oxide  is  nothing  else  than  a  combina- 
lion  of  the  metal  tvith  oxygen  :  that  the  metals,  as  far 
as  we  know,   are  simple  subaiances  ;  chat  what  Stahl    i 
considered  as  the  escape  of  phlogiston  from  metals  was,   ' 
in  reality,  their  combination  with  oxygen  ;  and  that  the   ' 
reduction  of  metais,   instead  of  restoring  the  lost  phlo- 
giston, consisted,  in  fact,  in  ihe  separation  of  oxygen  by 
means  of  some  combustible  which  has  a  strong  iffinity 
for  it.     These  conclusions  were  supported  in  the  most 
ingenious  and  satisfactory  manner. 

3.  No  metal  can  be  converted   into  an  oxide  except 
some  substance  be  present  which  contains  oxygen  ;  and 


during  the  oxydi 
appears. 

4.  There  are  somi 
duced  by  the  applicai 
whenever  they  are  r 
oxygen  gas ;  and  thi 


t  portion  of  that  oxygen  dis- 

metallic  oxides  which  can  be  re- 
ion  of  heat  in  close  vessels.  Now 
;duced  in  that  manner  they  yield 
weight  of  the  oxygen,  together 
with  that  of  the  metal  obtained,  is  equal  lo  the  weight  of 
the  original  oxide.  Thus  when  the  oxide  of  mercury 
is  healed  in  a  retort,  to  which  a  pneumatic  apparatus 
i>  attached,  to  the  temperature  of  1000°,  it  is  converted 
into  pure  mercury  ;  and,  at  the  same  time,  a  quantity 
of  oxygen  separates  from  it  in  a  gaseous  form.  As 
this  process  is  performed  in  a  close  vessel,  no  new  sub- 
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^(^  Y-  sttnce  can  enter :  The  oxide  of  mercuiTf  then,  is  xe» 
dnced  to  the  metallic  state  without  phlogiston.  The 
weights  of  the  metal  and  the  ozjgen  gas  are  toge&er 

eqnal  to  that  of  the  oxide  ;  the  calx  of  mercnrj,  there* 

Iff 

fore,  must  be  composed  of  mercury  and  oxygen ;  con* 
sequently,  there  is  no  reason  whatever  to  suppose  that 
mertmry  contains  phlogiston.  Its  calcination  is  merely 
the  act  of  its  uniting  with  oygen  *•  Gold,  platinum, 
silver,  nickel,  and  even  lead,  may  be  reduced  in  the 
same  way,  and  with  the  same  evolution  of  oxygen  gas. 
To  them  therefore  the  same  reasoning  applies.  Se- 
veral other  oxides  may  be  brought  nearer  the  UMtal- 
lic  state,  though  they  cannot  be  completely  reduced  by 
heat*;  and  this  approach  is  accompanied  by  the  escape 
of  oxygen  gas.  Manganese,  zinc,  and  probably  also  irooi 
are  m  this  predicament. 

5.  All  the  oxides  are  reduced  by  means  of  combtts* 
tible  bodies  ;  and  during  the  combustion  the  combustible 
unites  to  oxygen.  This  is  the  reason  that  charoeal- 
powd<?r  is  so  efficapious  in  reducing  them :  and  if  they 


f  Tbst  experiment  wai  performed  by  Mr  Bayen  in  1774.  Thispkilo> 
topher  perceiTcd,  earlier  than  Loroisier,  that  all  metals  did  not  cootain 
phlogiston.  **  Ces  experiences  (lays  he)  ront  noua  detroinper.  Je  sc 
tiendrai  plus  le  Ungage  dcs  disciples  de  Suhl,  qui  seront  forces  de  restrcia- 
dre  U  doctrine  sor  Je  phlogistique,  on  d'ayoner  que  let  predpit^  nKfca- 
fials,  dont  je  parle^ne  sont  pas  des  chauz  meulliques,  ou  enfin  qo'il  j  m 
det  chaux  qui  peuvent  se  rcduire  sans  le  concours  du  phlogistique.  l.es 
experiences  que  }*ai  faites  me  force  de  condurcr,  que  dans  la  chanz  mcrcv- 
riile  dont  je  parle,  le  mercure  doit  son  ttat  caicaire^  nam  a  U  fitu  di$pki^ 
giittfui  qu*il  n*a  paf  essuyc,  mats  a  sa  ^eomkinauom  intimi  avec  lefiiUe  fCcr- 
*ffy*9  dont  le  poids  ajoutc  a  celui  du  mercure  est  la  seconde  ciBat  de 
lUugmentation  de  pesanteur  qu*on  observe  dans  les  predpit^  que  jVE 
90!imis  i  rezamen."    /mr.  th  Plyt,  1774.  pages  a88y  ^95. 
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are  mixed  wiih  it,  and  heated  in  a  proper  vessel  fur-  Chip.  IV. 
nishcd  wiih  a  pneumatic  apparatus,  it  Will  be  eaay  to 
discover  what  passes.  During  the  reduction,  a  great 
deal  of  carbonic  acid  and  carb&nic  oxide  comes  over. 
These,  together  with  the  tneial,  arc  equal  to  the  weight 
of  the  oxide  and  the  charcoal :  the;  must  therefore  con- 
taio  all  the  ingredients ;  and  we  know  ihat  the;  are 
composed  of  carbon  and  oxygen.  During  the  procesi, 
then,  the  oKjgen  of  the  o\ide  combines  with  the  char- 
coal, and  the  metal  remains  behind.  In  the  same  man- 
ner, when  oxide  of  iron  is  healed  suiBciently,  in  con- 
tact with  hydrogen,  the  iron  is  reduced,  and  water 
formed,  aii  u  as  ascertained  by  the  experiments  of  Dr 
Pries  (ley. 

G.  It  cannot  be  doubted,  therefore,  that  all  the  me- 
tallic calces  are  composed  of  the  entire  meiab  combi- 
ned with  oxygen  ;  and  that  calcination,  like  combus- 
tion, IE  merely  ttie  act  of  this  combination.  Metals, 
then,  in  the  present  state  of  chemistry,  must  be  consider- 
ed as  simple  substances  ;  for  they  have  never  yet  been 
decompounded. 

The  words  ca/.v  and  catcination  being  evidently  im-    ''»''?«  ""* 
ftvptT,  because  they  convey  false  ideas,  the  words  oxide  explained. 
wd  oxidissemtttl  *,  which  were  invented  by  ihe  French 
chemists,  are  substituted  for  ihem.     A   metallic  oxii/t 
signifies  a  metal  united  with  oxygen  ;  and  oxidi^emfn: 
iiDplies  the  act  of  that  union. 


*  OiMUiu  wu  the  won]  KimMtly  ukJ  b]r  BritUk  chcmiiN.  But 
tht  reuoot  uagntd  by  Mr  Chcnciii  in  lu't  Rimarh  m  iti  Cktmkal  A«- 
■nMdfans  fnge  t£].  hivi^  induced  nii:  to  jirrfcr  At  tami  tf  hUh  kc  Int 
llMie>ab«itiiicdfor  it. 
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Book  I. 
DivtaoQ  !• 

Metab 

combine 
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NomeocU- 
curecfox* 
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7.  Metals,  then,  are  all  capable  of  combiniiig  with 
oxjgen  ;  and  this  combinatioQ  is  sometimes  accompi^ 
nied  by  combustion  and  sometimes  not.  The  new 
compounds  formed  are  called  metallic  oxides^  and  in  some 
cases  metallic  acids.  Like  the  two  last  classes  of  bo* 
dies,  they  are  capable  of  combining  with  difiereat  doses 
of  oxygen,  and  of  forming  different  species  of  oxides  or 
acids.  These  were  forinerly  distinguished  from  each 
other  by  their  colour.  One  of  the  oxides  of  iron,  for 
instance,  was  called  blaci  oxide,  another  was  termed 
red  oxide  ;  but  it  is  now  known  that  the  same  oxide  is 
capable  of  assuoung  different  colours  according  to  cir* 
cmnstances.  The  mode  of  naming  them  from  their 
colour,  therefore,  wants  precision,  and  is  apt  to  mis« 
lead  ;  especially  as  there  occur  different  examples  of 
two  distinct  oxides  of  the  same  metal  having  the  same 
colour. 

As  it  i^  absolutely  necessary  to  be  able  to  distinguish 
the  different  oxides  of  the  same  metal  from  each  other 
with  perfect  precision,  and  as  the  present  chemical  no* 
menclature  is  defective  in  this  respect,  I  shall,  till  some 
better  method  be  proposed,  distinguish  them  from  each 
other,  i}j  prefixing  to  the  word  oxide  the  first  syllable 
of  tile  Greek  ordinal  numerals.  Thus  tht.protoxide  of 
a  metal  will  denote  the  metal  combined  with  a  mini- 
mum of  pxygen,  or  the  ^rst  oxide  which  the  metal  is 
capable  of  forming  ;  deutoxide  will  denote  the  second 
oxide  of  a  metal,  or  the  metal  combined  with  two  doses 
of  oxygen,*     When  a  metal  has  combined  with  as 


*  The  tame  explanation  will  appl^  to  tritoxiJe  (third  oxtde)^ 
(fourth  oxide), /«i>/««rir  (fifth  oiide),  beetoKtSi  (tilth  oxide), 
they  become  Deccssary. 
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much  ozjgen  as  possible,  I  shall  denote  the  compound    Chap,  iv. 
formed  bj  the  ieim  peroxide  ;  indicating  bj  itj  that  the 
metal  is  thoroughlj  oxidized  f. 

Thus  we  have  the  term  oxide  to  denote  the  combina-  * 

tion  of  metals  with  osygen  in  general ;  the  terms  pro^ 
iop^fde  ^lA  peroxide  to  denote  the  minimum  and  maxi- 
mum of  oxi^izemcnt ;  and  the  terms  deutoxide,  tritoxide, 
6lc.  to  denote  all  the  intermediate  states  which  arc  ca- 
jMible  of  being  formed.  f 

III.  Metals  are  capable  of  combinine  with  the  simple  Combine 
^  *  °  *      with  corn- 

combustibles.     The  compounds  thus  formed  are  deno-  baitiblet, 

ted  by  the  simple  combustible  which  enters  into  the 
combination,  with  the  termination  uret  added  to  it. 
Thus  the  combination  of  a  metal  with  sulphur,  phos- 
phorus, or  carbon,  is  called  the  su/pburet,  pbospluret,  or 
carburet  of  the  metal.  The  compounds  formed  by  the 
metals  with  the  three  combustibles  just  mentioned  are 
usually  solid  ;  but  when  hydrogen  uniteapJUlh  .thep,  it 
still  retains  its  elastic  state.  These  solutioii|,  ^f  m,e« 
tals  in  hydrogen  have  been  but  slightly  <;xuQin(ed. 
They  are  usually  distinguished  by  gn  epithi^  if  ^ica- 
ting  the  metal,  prefixed  to  the  word  hydrog^i]y|  ^  Thus 
arsenical  bydrqgen  gas  means  hydrogen  holding  arsenic 
in  solution. 


aoc 


•  'f 


*  Etjmokigiics  will  doubtlets  object  to  this  term,  that  it  is  a  hetqr o« 
geoeout  compound  of  a  Greek  and  Latin  word ;  but  thia  foult,  if  it  be 
one,  has  been  aheadj  comoiittcd  very  frequently  in  the  formation  of 
chemical  terma.  My  object  was,  not  to  prevent  the  objections  of  etymc* 
kgiact,  but  to  employ  a  word  perfectly  precise,  which  could  not  mislead 
tod  wbkh  was  not  unwieldy^  nor  oBsuitahle  to  the  genius  of  the  £r  gUah 
Uflfuagc 

»  ■  ■•■.'«» 
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Book  I.         Ilf .  The  simple  incombostibles.  at  fiu:  ai  is  kiumri 

iim  y    ^  at  present,  do  not  combine  with  the  metals. 

<Kk  01^  ^*  ^^^  metals,  in  general,  unite  very  readilj  to  one 
another,  and  form  compounds,  some  of  which  are  ex- 
tremely useful  in  the  manufacture  of  instruments  and 
utensils.  Thus^eu;/^  is  a  compound  of  lead  and  tin ; 
hrass^  a  compound  of  copper  and  zinc ;  htU^mttal^  a 
compound  of  copper  and  tin.  These  metallic  com- 
pounds are  caUed  bj  chemists  aUoys^  except  when  one 
of  the  combining  metals  is  mercury.  In  that  case  the 
compound  is  called  an  amalgam.  Thus  the  compound 
of  mercury  and  gold  is  called  the  amalgam  of  gold. 

Number  of       VI.  The  metals  at  present  known,  or  conchided  from 
analogy  to  exist,  amount  to  about  40.   But  12  of  these, 
newly  discovered  by  Mr  Davy,  and  constituting;  the 
bases  of  the  alkalies  and  earths,  are  still  so  imperfectly 
known,  or  possess  such  peculiar  properties,  that  I  shall 
defer  giving  an  account  of  them  till  I  come  to  treat  of 
those  bodies  hitherto  known  by  the  names  of  alkaHei 
and  earths.     In  this  chapter,  then,  we  have  to  consider 
the  properties  of  28  metals.     Of  these  only   7  were 
known  to  the  ancients  as  metals,  and  no  fewer  than  It 
have  been  discovered  since  the  year  1730.    Their  num- 
ber has  multiplied  exceedingly  within  these  few  years : 
but  the  more  recently  discovered  metals,  with  a  small 
number  of  exceptions,  are  so  scarce  as  to  be  of  com- 
paratively small  importance.     Metals  may  be  conve- 
niently arranged  under  four  classes  :  namely,  !•  Malle- 
able metals  ;  2.  Brittle  and  easily  fusible  metals ;  3« 
Brittle  and  difficultly  fusible  metals;   4*  Rcfiradcnry 
metals.       Under  which  last  name  I  comprehend  all 
those  metallic  bodies  which  are  only  known  at  present 
in  the  state  of  combination ;  chemists  not  having  snc« 


ceeded  iutherto  in  reducing  itfaem  io  the  me^ic  iute.    Chtp.lVg^ 
The  metals  which  belong  to  eaofa  of  these  heads  wiU  be 
seen  firomithe  following  TabU : 


.* 


"i.j     ....       • .  t    t« 


i.   MALLSABd!. 

y.QoU.  \  ^ '    '       ^  Copper:  * 
'  2;:Platihnin«  10«  Iron. 

3..SilTer«  "1  •'  11.  NickeL 
'4.'Mdrcar74  -? . :    12;  Nicolanhdi.  . 

5.  Falladram«        ,  ^     l3.  Tin. 

6.  Rhodinm.  14.  Lead. 

7.  Iridium.  15.  Zinc. 

8.  Osmium. 

IL  Brittle  and  EXiiii  Fused.  '-'- 

i.  Bismuth*  3«  TeUurium4 

2«  Antimony.  4.  Arsenic. 

in.  Brittle  akd  dieficultlt  Fused^ 

!•  Cobaiti  4.  Molybdenum^ 

2.  Manganese.  5.  Uranium. 

5.  Chromium*  G.  Tungsten. 

IV.  Refractory. 

1.  Titanium.  9.  Cerium^ 

2.  Columbium^ 


The  metals  of  the  first  clas^  were  formerly  called 
metals  by  way  of  eminence,  because  they  are  possessed 
either  of  malleability  or  ductility,  or  of  both  propertitf 
together :  the  rest  were  called  lemimitalf,  because  they 
are  brittle.  But  this  distinction  is  now  pretty  general- 
ly  laid  aside  ;  and,  as  Bergman  observes,  it  oi^ght  to  be 
Pil.  L  K 


noOi 


ii§  covrarjAUE  Mont. 

JO  altogether,  m  it  is  fomided  onafUee  f^prpotfaeufpaad 
coaveyt  very  erroneous  iileas  to  the  mind.  The  first 
ioQr  metals  were  formerly  called  noUiot  perfect  mHab^ 
because  their  oxides  are  reducible  by  the  mere  applies* 
tion  of  heat ;  the  rest  were  in^erfici  metals^  because 
their  oxides  were  thought  not  reducible  wkhoat  the  ad- 
dition of  some  combustible  substanee*;  bat  this  dis- 
tinction also  ia  now  very  properly  explodod* 

The  different  metab,  in  the  order  in  wfaidi  they  have 
been  enumerated,  will  occupy  our  attention  in  the  fiol* 
lowing  Sections.  /•  . 


a  Nkkel  and  lead  are  redac3>le  by  flMVe  heatt  andof  coone  cttkU 
to  the  name  oC  mMt  4M«d(r  aliob 


■itttiu.  h4n 

tLAS^  i, 
MALLEABLE     METALS. 


jLfiE  metals  belonging  to  this  Clasa^  from  their  mal^ 
leabilitj,  are  of  much  more  importance  than  the  rest  | 
all  those  known  to  the  ancients  bdong  to  it^  and  five 
more  which  hate,  been  discoverild  bj  the  xotfdems. 
Besides  these  five,  I  have  included  in  this«  class  three 
other  recentlj  discovered  metals  $  t^  malleability  of 
which  has  not  been  ascertained,  but  which  may  be  in- 
ferred,  perhaps,  from  the  great  analogy  which  they  bear 
to  the  most  perfect  of  the  malleable  metals. 


K^t 


MALLEABU  IflTAtS. 


SECT.  I. 


OF    GOLD. 


I.  Gold  seems  to  have  been  kilown  firom  the  rtrj 
beginning  of  the  world.  Its  properties  and  its  scar- 
city have  rendered  it  more  valiiable  than  any  other 
metal*. 
^22!*^  ^*  I^  w  of  *n  orange  red,  or  reddish  yellow  coloor, 
and  has  no  perceptible  taste  of  smell.  Its  lustre  is  cod- 
Mderable,  yielding  only  to  thai  of  platinmn,  steel,  sil- 
ver, and  mercury. 

2.  Its  hardness  is  Of  f. 


•  TKe  fullest  treatbe  on  gold  hitherto  paUiihed  it  that  by  Dr  JLewv 
to  hit  Ftil$4cfbical  Ccmmeree  •/the  Arts.  The  account  of  gold  kk  Wat> 
scrberg's  Instituticites  Chemid^  voL  i.  it,  a  great  part  of  it  at  Icait,  nearlj 
1  tramlation  of  Dr  Lewis;  but  it  contaios  likewise  several  ditcowriei 
of  posterior  date,  chiefly  made  by  Bergman.  Mr  Hatchett^  Exftr^ 
mentt  and  Ohstrvations  on  tbe  AUoys^  Specific  Craviiy,  mni  eotm^Mrmine  tvisr 
c/  GMf  published  in  the  Phil,  Tmtu.  for  1803,  are  of  the  utmost  impor- 
tance, on  account  of  the  tare  wtih  which  they  were  made,  and  the  nmsf 
mistaken  notions  which  thry  have  enabled  us  to  rectify. 

f  Mr  Kirw^ui's  meliRMl  of  denoting  the  different  degrees  of  bardoM 
by  figures  has  been  adopted  in  consequence  of  its  brevity.  Mr  Rirwan't 
plan  will  be  understood  from  his  own  explanation  i  which  b  heic  lob- 
joined. 

3,  Denotes  the  hardness  of  chalk. 

49  A  superior  hardness  but  yet  what  yields  to  the  naiL 

5,  What  will  not  yield  to  the  nail,  but  easily,  and  without  grktloesi, 
to  the  knife. 

i.  That  which  yields  more  difficultly  to  the  knife. 

7«  That  which  Karcely  yields  to  the  knife. 


ipecific  gravity  is  IS- 3*.  Ckap-iv. 

No  other  substaoce  is  equal  lb  it  in  ductilitj  tnd  M»Ue»bi- 
ibilitj.  Jt  may  be  beaten  out  into  leaves  so  thin,  '^' 
ne  grain  of  gold  will  cover  SOi  square  inches, 
leaves  are  only  ttiVijjt  *>f  "Q  'ich  thick.  But 
Id  leaf  with  which  silver  wire  is  covered  has  on- 
of  that  thickness.  An  ounci  of  gold  upon  silver 
s  capable  of  being  extended  more  than  1300  miles 
Jth+. 

[(s  tenacity  is  considerable ;  though  in  this  respect  Tc^ukj, 
ds  to  iron,  copper,  platinum,  and  silver.     From 
:periments  of  Sickingen,  it  appears  that  a  gold 
)'07B  inch  in  diameter  is  capable  of  supporting  si 
tof  150-Ollbs.  avoirdupois,  without  breaking  {. 


Btf  which  cumoc  be  icriprd  b;  a  kni/e,  but  dou  oot  give  &n[ 

■i. 

lit  which  givn  I  few  feeble  ipulu  with  itccl. 

htt  which  givea  plentiful  liTcly  ipvki. — Kir-aan'i  Minrraligj, 

une  meaning,  hDWcvcr,  ii  DM  affiled  here  to  ihe  Ggurei ;  bucm 
degrcci  of  hatdncu  is  conceived,  dcKending  fratn  tied  lo  ar>f- 
,  of  which  it  ilenaied  b;  arbiirarf  figures, 
c  tpcdGc  gnviiy  of  gold  «irici  lomEwhai  according  lo  iu  icate, 
ng  heavicK  which  baa  beeo  hammered  or  rolkd.  Dr  Lewit 
ui  thai  he  hund,  oQ  many  dificrcnc  iriali,  the  ipcciGc  gravilf  of 
d,  wtU  hanuneied,  belwcen  ij'jao  and  i^'^oo.  The  (pcciGc 
of  one  mail  whith  lie  ■peciGca  waa  I9'J76>  {Philuafhical  Ctm. 
tit  Jfriitf.*!)-  BriKOD  found  (he  specl6c  gravity  of  anMlur 
1  of  6ne  gold,  bammeiod,  ip'36l.  Mr  Halahett  tried  gold  of  sj 
I  graiiu,  (or  gold  eonuining  1-96  of  alloy) ;  in  ipecificgf*- 
w»»  19»7J. 
Shaw'i Btjlr,  I  404. 104 Lewi)!  Pbihiift,  C-furu  •/ lit  Aiii. 
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MALLEABLE  HETAL&. 

5.  It  melts  at  32"  of  Wedgewood's  pjromcti 
When  melted,  it  aasumea  a  bright  bluish  green  coli 
It  expands  in  the  act  of  fusion,  and  consequently 
tracts  while  beooming  solid  more  than  most  metals ;  a 
circumstance  which  renders  it  less  proper  for  casting 
into  moulds  f . 

It  requires  a  ver^  yiolent  heat  to  voUlUize  it ;  it  is 
therefore,  to  use  a  chemical  term,  cxceedioglj  Jimd. 
Gasto  Claveus  informs  us  that  he  put  an  ounce  of  pure 
gold  in  an  earthen  vessel,  into  that  part  of  a  glas»-boiuc 
furnace  whaie  the  glass  is  kept  constantly  melted,  and 
kept  it  in  a  state  of  fusion  for  two  months,  yet  it  did 
not  lose  the  smallest  portion  of  its  weight  t-  Kunkd 
relates  a  similar  experiment  attended  with  the  same  re- 
sult (  ;  neither  did  gold  lose  any  perceptible  weight, 
after  being  exposed  for  some  hours  to  the  utmost  beat 
of  Mr  Parker's  lens  ||.  Romberg,  however,  observed, 
that  when  a  very  small  portion  of  gold  is  kept  in  s  vic- 
lent  heal,  part  of  it  is  volatilized  ^.  This  observMion 
was  confirmed  by  Macquer,  who  observed  the  metal 
rising  in  fumes  to  the  height  of  five  or  six  inches,  and 
attaching  itself  lo  a  plate  of  silver,  which  it  gilded  very 
scosibly  •*  ;  and  Mr  Lavoisier  observed  the  very  unt 
thing  when  a  piece  of  silver  was  held  over  gold  melted 


A 


*  Accerdiog  to  ihc  lakulalioD  sf  ihc  Dijno  ic 
Sa^S*  FihrcohciE  i  ucorttingto  Mortimc(,M  i, 
t  Lcwil'l  Pt-luftual  todrwrr...  p.  67. 

t "  Hec  mieiinum  de  poiulerc  dcddiuc  conipeii  "    Oauonii  Cl«>d 
JftUfit  Arjyttfciit  il  Ctryitftu  linnw  Tiimtm  Eraitum,  Thcatnn 


p.  70. 


i  Lewii,  PbHipfbUal  Cimaur,. 
I  Kirwan't  Minm/agy,  i,  js, 
^  Mim.  F*r,  1701,  p.  147. 


•ot».  jsii 

by  a  fire  blown  bj  oxygen  gas,  which  prodaccs  a  much    Cb»^  IV. 
giestter  heat  than  conunon  »ir  *. 

After  fusion,  it  is  capable  of  assuming  a  crystalline 
fenn.  Tillet  and  Mongez  obtained  it  in  short  quadran- 
gular pyramidal  crystals. 

6.  Gold  is  not  in  the  least  altered  by  being  kept  ex* 
posed  to  the  air  ;  ii  does  not  even  lose  its  lustre.  Nei« 
Iher  has  tvater  the  smallest  action  upon  it. 

1I>  It  is  capable,  however,  of  combining  with  axy-  Oulc*. 
gen,  and  eTcn  of  undergoing  combustion  in  particular 
cimimiianccs.  The  resulting  compound  is  an  oxide  of 
gold.  Gold  must  be  raised  to  a  very  high  temperature 
before  it  is  capable  of  abstracting  oxygen  from  common 
MT.  It  may  be  kept  red  hot  almost  any  length  of 
lime  without  any  such  change.  Homberg,  however, 
observed,  (hat  when  placed  in  the  focus  of  Tschirnhaui's 
burniDg..gla3s,  a  little  of  it  was  converted  into  a  purple 
coloured  oxide  ;  and  the  truth  of  his  observations  were 
confirmed  by  the  subsequent  experiments  o(  Macquei 
with  the  very  same  buming<glass  f.  But  the  portion 
of  oxide  formed  in  these  trials  is  too  small  to  admit  of 
being  examined.  £lectricity  fumishei  a  method  of  oxi- 
dizing it  in  greater  quantity. 

If  a  narrow  slip  of  gold  leaf  be  put,  with  both  ends 
hanging  out  a  little,  between  two  glass  plates  tied  loge. 
ther,  and  a  strong  electrical  explosion  he  passed  through 
it,  the  gold  leaf  is  missing  in  several  places,  and  the 
glass  is  tinged  of  a  purple  colour  by  the  portion  of  the 
oictal  which  has  been  oxidized.     This  curious  experi- 


^^^F*  Hrwsii'i  HGm.  ii.  9^ 
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inent  was  first  nude  by  Dr  Franklin  *  ;  it  vu 
firmed  in  1773  b}r  Cacnuj.  Tbe  reality  of  the  oxi 
rocDt  of  gold  by  ekctrictty  was  dtspuied  by  some 
losopben,  but  it  has  bcea  put  beyond  the  reach 
doubt  by  the  ciperiments  of  Van  Marum.  Wheo 
made  electric  sparks  from  the  powerful  Teyleriao  ma< 
cbioe  pass  through  a  gold  ntte  suspended  in  tfae  air,  it 
took  fife,  burnt  with  a  green  coloured  dame,  and  was 
completely  dissipated  in  fumes,  which  when  coUeOed 
proved  to  be  a  purple  coloured  oxide  of  gold.  This 
combustion,  according  to  Van  Marum,  succeeded  not 
oply  ia  common  air,  but  alu)  when  the  wire  was  sus- 
pended in  hydrogen  gas,  and  other  gases  whidi  are  not 
tapablc  of  supporting  combustion.  The  combnstion 
if  gold  is  now  eaiily  affected  by  espoaing  gold.leaf  to 
he  action  of  the  galvanic  battery.  1  have  made  it 
>urn  with  great  brilliancy,  and  a  green  coloured  flame, 
ly  exposing  a  gold  wire  to  the  action  of  a  stream  of 
uygcn  and  hydrogen  gas  mixed  together  and  buniuig. 
biovr  in  all  cases  of  combustion  the  gold  ii  oxidized. 
Wz  are  at  present  acquainted  with  two  oxides  of  goU: 
ihe  pntoxide  has  a  purfU  or  violet,  the  peroxide  iyeUam 
:olour. 
1.  Of  these  lYitperotddt  ii  most  easily  procured;  it  it 
Lherefore  best  known.  It  may  be  procured  in  the  foU 
lowiog  manner  :  One  part  of  nitric  and  four  of  muriatic 
acid  aic  mixed  together  f ,  and  poured   upon  gold  :  an 


*ljewW*  FiUtitfb.Qtmmtrutf-  17S.    Tbu work  wu  pubtuhcd  ia 

f  ThumiiturCifiomiupropctryofdiuolvuiE  gold,  hu  fonncrif  ci1> 
difio  rrtLi  (rcr  gold,  amaoE  the  iilcbiBiiiu,  wu  the  king  ofoictali}) 
it  DOW  uUtd  mU-nuriaHt  tdi. 


ctteryescence  ukes  place,  the  gold  U  gradually  dissoU 
vcd,  and  the  liquid  assiimes  a  yellow  colour.  It  is  easy 
to  see  in  what  manner  this  solution  is  produced.  No 
metal  it  soluble  iu  acids  till  it  has  been  reduced  to  the 
state  of  an  oxide.  Tbeie  is  a  strong  affinity  between 
tbe  oxide  of  gold  and  muriatic  acid.  The  nitric  add 
furnishes  oxygen  to  the  gold,  and  the  muriatic  acid  dis- 
mIvcs  the  oxide  as  it  forms.  When  nitric  acid  is  de- 
prived of  tbe  greater  part  of  its  oxygen,  it  assumes  a 
gueoos  form,  and  flies  off  in  the  state  of  nitrous  gai. 
It  ii  the  emission  of  this  gas  which  causes  the  effer- 
vescence. The  oxide  of  gold  may  be  precijulated  from 
the  nitro- muriatic  acid  by  pouring  in  a  little  potash  dis- 
solved in  water,  or  even  by  lime  water.  It  subsides 
slowly,  and  has  a  yellowish  brown  colour,  and  some* 
times,  indeed,  approaches  to  black.  When  carefiiUy 
washed  and  dried,  il  is  insoluble  in  water  and  tasteless. 
Bergman  found  that  lOO  parts  of  gold,  when  treated  in 
this  manner,  weigh  liO.  Were  we  to  suppose  this 
estimate  correct,  but  Bergman  himself  expresses  his 
doubts  of  its  accuracy,  it  would  follow  from  it,  that  (he 

re  of  gold  is  composed  of  about 
01  gold 
9  oxygen 

ioo" 
When  this  oxide  is  moderately  heated,  it  becomes  pur- 
ple.    A  stronger  beat  expels  the  whole  of  the  oxygen, 
And  reduces  it  to  the  metallic  state. 
2.  The  properties  of  ihe  protoxidt  of  gold  ate  but  1 
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IM  MALLBABLE  METALS. 

JN4  L     Kiiit  kiiMini*    II  it  formed  when  the  metid  is  sobject* 
TOfiMfln  I.  . 

t  y'  9  ei  to  cdmbttitioo,  or  to  tbe  action  of  dectrid^y  tad 
Ukewi^  bj  exposing  the  peroxide  to  die  proper  degiet 
of  heat,  or  even  bj  placing  it  in  the  rajrs  of  tbe  sqn* 
Its  coloar  b  pvple,  Vwious  preparations  containing 
il  are  naed'in  the  arts*. 

Tbe  oxides  of  gold  are  still  bnt  imperfectly  known ; 
and  sU  the  attempts  hithtrto  made  to  investigate  them 
witb.nore  accnracj  have  been  unsncoessfiiL  Pronsl^ 
in  n  dissertation  which  he  has  recently  published,  en* 
deavours  to  show,  that  what  has  been  called  ihc^iafb 
•amir  of  gold^is  in  reality  gold  in  the  metallic  ststs*. 
But.  bis  experiments  do  not  appear  to  me  satis£ictory, 
Fibm  Proust's  experiments  compared  with  some  of  mj 
own,  it  is  probable  that  there  are  three  oxides  of  gold, 
composed  respectively  of  100  parts  gold  combined  with 
^  4  $9  16»  and  32  parts  of  oxygen.     But  from-  the  great 

readiness  with  which  they  are  decomposed,  and  alteiedy 
it  is  extremely  difficslt  to  estimate  their  compositioB 
with  precision. 

IIL  Hitherto  gold  has  been  united  artificially  to  none 
of  the  simple  combustibles  except  phosphorus*  Hydror 
gen  and  charcoal  are  said  to  precipitate  it  from  its  solu- 
tions in  the  metallic  state. 

Mfharct*  1.  Sulphur,  even  when  assisted  by  heat,  has  no  ac* 
tion  on  it  whatever  ;  nor  is  it  ever  found  naturally 
combined  with  sulphur,  as  is  the  case  with  most  of  the 
other  metals  ;  yet  it  can  scarcely  be  doubted  that  sol* 
pbur  exercises  some  action  on  gold,  though  but  a  small 


*  NichoUon's  Jour,  ztv.  238,  aod  324. 
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•□e :  for  when  an  alialiite  hydros  mlphuret*  is  dropt    chip-tV-^ 

iato  a  soliuion  of  gold,  a  hlack  paiudcr  talis  to  the  bot-  | 

tcMB,  which  is  found  to  consist  of  g^Id  and  ^Iphur,  1 

inetelj,  as  Proust  infciRis   us,  in  3  state  of  intxtuief  ; 

and  when  potasb,  sulphur,  and  gold,  are  heated  together, 

and  the  mixture  boiled  in  water,  a  considerable  portion 

of  gold  is  dissolved,  as  Stahl  iirsE  discovered.     Three 

parts  of  sulphur,  and  three  of  potash,  are  sufficient  to 

dissolve  odc  of  gold.   The  solution  has  a  yellow  colour.  \ 

When  an  acid  isdropt  intoit,  the  gold  falls  down,  united  I 

to  the  sulphur  in  the   state  of  a  reddish  powder,  which 

bacomet  gtaduallj  black.t>      From  ihe  experiments  of  ' 

Bncholz,  it  seems  to  be  composed  of  about  one  part  of  4 

sulphur  to  4*5  of  gold,  or  of  about  I 

82  gold  \ 

18  sulphur 

I.  Margraf  failed  in  his  attempts  to  unite  gold  with 
phosphorus  |)  ;  hut  Pelletier  was  fortunate  enough  to 
succeed  bj  melting  together  in  a  ci[ucible  half  an  ounce 
of  gold  and  an  ounce  of  phosphoric  glass  H,  surrounded 
with  charcoal.  "Xhc  fhoifhuret  of  gold  thus  produced  Fhonhu. 
was  brittle,  whiter  than  guld,  and  had  a  crysialliied  ap-  '"■ 
pcarance.      It  was  composed  of  23  parts  of  gold  and 


L 


*  By  tbh  li  underitood  a  combiriation  of  Dilphurercd  hydrogen  ind 
1  alkali.    TbcK  ccinpaundi  will  be  dntiibcd  hereafter. 
t  Nicboiioii'l/eiir.iiv.  141. 

%  StiU'tOf  Mil.  Cifm.-Fi!i  -MiJ.  p.  iO«. 

}  Bttdtolt,  Btilngf  ti:r rrunimit^Miid  BiriiiiiiiM[  Jrr  Clfm'u,ii'i.  tjt- 

to,.„.i... 

)  Fhonttotic  add  ciap«iitcd  to  drjacm,  and  (ben  tutd 
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Bopkfr.    one  of  phosphorus  *•    He  foiined  the  same  componnd 
!■    ^         by  dro{|puig  small  pieces  of  phosphoros  into  gold  in 
ftisionf  •     By  the  appUcation  of  a  sufficient  heat,  the 
phosphorus  is  dissipated  and  the  gold  remains. 
ActioB  IV.  Gold  does  not  combine,  as  fieir  as  is  knowo, 

S|[i|2^|^      with  either  of  the  simple  incombustible  bodies. 
4lIoyi^  V.  But  gold  combines  readilj  with  the  greater  nnm- 

ber  of  the  metals,  and  forms  a  variety  of  alloys. 

This  metal  is  so  soft  that  it  is  seldom  employed  iq 
a  state  of  purity.  It  is  almost  always  mixed  witl^smaQ 
quantities  of  eopper  and  silver.  Goldsmiths  usually 
announce  the  purity  of  the  gold  which  they  sell  in  the 
following  manner : — PUre  gold  they  suppose  divided  in- 
to 24  par(s  called  carats.  Gold  of  24  carats  means 
pure  gold  i  gold  of  23  carats  means  an  alloy  of  23  parts 
gold,  and  one  of  some  other  metal ;  gold  of  22  carats 
means  an  alloy  of  22  parts  of  gold,  and  two  of  another 
metal.  The  number  of  carats  mentioned,  specifies  the 
pure  gold;  and  what  that  number  wants  of  24»  indicates 
the  quantity  of  alloy.  Thus  gold  of  12  carats  would 
bean  alloy  containing  12  parts  gold,  and  12  of  some 
other  metal.  In  this  country  the  carat  is  divided  into 
four  grains ;  among  the  Germans  into  1 2  ;  and  by  the 
French  it  was  formerly  divided  into  32  J. 


«  4iin.ie  Cbim.i,  7?.  f  IkhL  »iL  XCL^ 

\  Lcwi»*»  PSil9iafb,  Cfmmerct,  p.  xij. 
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SECT.  II* 


dF    PLATINUM. 


I,  the  metal  just  described,  was  known  in  the 
t  ages,  and  has  been  alwajs  in  high  estimatioBy 
oont  of  its  scKrcitj,  beautj,  ductilit/,  and  iode^ 
bilitj.  But  platinum,  though  perhaps  infSiciqr 
of  these  qualities,  and  certainly  far  superior  in 
was  unknown  in  Europe,  as  a  distinct  metal,  be* 
e  year  1749 1- 


«r  Cortinovts,  indeed,  hu  «tesn|iccd  to  prave  that  4hk  meul 

dWfTHi  of  the  ancients.    Seethe  Cktrnkai  jMmmU  ^  Bn^mtitUi^ 

rhat  the  elettrum  of  the  andentt  wai  z  metal»  and  a  ¥ery  valuable 

svident  from  many  of  the  ancient  writertk  particiilarly  Homer. 

owing  lines  of  f^laudtan  are  alone  nifficient  to  prove  it : 

Itria  cmiit  ebur,  trabibus  toUdatur  ahcnia 

hihnen  et  in  celsas  surgunt  tiutra  colamnat.**  Is,  I.  v.  164. 

gives  tis  an  account  of  it  In  his  Natural  Htitorj.    He  inibrms  iw 

ras  a  composition  of  silver  and  gold ;  and  that  bj  candle-tight  It 

th  more  splendour  than  silver.    The  ancients  made  cups,  statues, 

mns  of  it    Now,  had  It  been  our  platinum,  is  it  not  rather  ex- 

try  that  no  traces  of  a  metal,  which  must  have  been  pretty  abup- 

uld  be  perceptible  in  any  part  of  tl)6  old  continent  ? 

s  passage  of  Pliny  contains  the  fullest  account  of  electrum  to  be 

any  ancient  author,  I  shall  give  it  in  his  own  words,  that  every 

have  it  in  his  power  to  judge  v^hether  or  not  the  dcscripticui 

ly  CO  the  platinum  of  the  modems. 

ilaoffo  inest  argentum  vario  pondrre. — Ubicurqne  quinta  arg^n-. 
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■•«*  l  I.  tthashithertobeenfoundonlyiQ  Amenca^in  Choco 
<-  ^  — J  in  Peru,  and  in  the  mine  of  Santa  Fe,  near  Carthagcni. 
Sttinim  Vauquelin  has  lately  discovered  it  in  considerable 
quantity  in  the  silver  mines  of  Guadalcanal,  in  the  pro- 
vince of  Estreniadura  in  Spain  *.  The  workmen  of 
the  American  mines  must  no  doubt  have  been  early 
ac(}uainted  with  it  i  and  indeed  some  of  its  properties 
are  obscurely  roenlioned  by  some  of  the  writers  of  the 
leth  century.  Mr  Charles  Wood,  atsay-master  io  Ja- 
maica, saw  it  in  the  West  Indies  about  the  year  n^l. 
He  gave  some  specimens  of  it  to  Dr  Brownrigg,  who 
presented  it  tn  the  Royal  Society  in  1750.  In  174S  it 
was  noticed  by  Don  Antonio  de  Ulloa,  a  Spanish  ma- 
thematician, who,  in  1735,  had  accompanied  the  Freocb 
academicians  to  Peru  in  their  voyage  to  measure  a  de- 
gree of  the  meridian.  A  paper  on  it  was  published  bj 
Mr  Wood  in  the  44th  volume  of  the  Philosophical 
Transactions  for  1749  and  1750.  Dr  Lewis  begts  > 
aet  of  experiments  on  it  in  1749,  the  result  of  which 
was  published  in  four  papers  in  the  Philosophical  Tran- 
sactions for  1754,  and  afterwards  two  other  papers  were 


ti  ponio  cMir/fcrrM*  vecMur.  Scrobciczrcperinnturin  Cinalleiui.  Fl: 
et  curi  ckclTtun  mrgento  aildilci.  Qatid  li  (julncani  ponlDncRi  excOHi 
JDCudibul  Qon  leuitic.  Et  electro  aatioritaa,  Homem  teste,  qui  Mcadu 
repam  iurtt,eUctro,argenlo,cbMtra1gere  tndil.  Mioerv.i  cemplsni 
hibcc  Lindo*  inidllC  Rhodiorum  io  quo  Helena  aacniit  caliecm  eielK- 
trtk — Eleclri  nitura  eic  ad  IntctnarBin  lunxina  cUriut  argeDCo  apleiHlere. 
Quod  eit  naCivum  et  vetietia  deprihendil.  Nacnque  dilcurTunc  in  calid- 
bui  arciu  cieleitiba)  ■imiles  com  igneo  itridore,  et  gcmxai  ratiancprxdi- 

•df.*  dim.  la.  317. 
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added*.  These  experiments  demonstrate  its  peculiar  Ch^ IV-^ 
nulure  and  its  remarkable  properties.  In  1752>  Schef- 
fer  of  Sweden  published  a  dissertation  on  tbis  (nctal, 
remaikable  for  its  precision,  if  we  consider  the  small 
quantity  of  ore  on  which  he  had  to  work,  ^vhich  iras 
not  more  than  40  grains.  The  experimenis  of  Lewis- 
were  repeated,  and  many  curious  additions  made  t© 
them  by  Margraf  in  nSTf-  These  dissertations  ha- 
ving been  translated  into  French,  drew  the  attention  of 
the  chemists  of  that  country,  and  induced  Macqucr  and 
Baume  t  to  make  a  set  of  experiments  on  platinum, 
which  were  sood  followed  by  the  experiments  of  Buf- 
fon,  Tillet,  and  MorveauJ  ;  Siekengen  ||,  Bergman T[, 
Lavoisier  •  *,  and  more  lately  Mussin  Puschkin  tf,  and 
Morveau  It ;  and  several  other  chemists  of  emibcnca 
have  added  to  our  knowledge  of  this  mineral. 

Crude  platina  comes  from  America  in  small  flat 
grains  of  a  silvery  lustre.  In  this  stale  it  is  exceeding- 
ly impure,  containing,  either  'mechanically  mixed,  or 
chemically  united,  no  less  than  nine  other  metals ;  but 
it  may  be  reduced  nearly  to  a  state  of  purity  by  the 
following  process.  Dissolve  the  grains  in  diluted  nitro-  I 
muriatic  acid  with  as  little  heat  as  possible.  Decant  ' 
Ae  solution  from  the  black  matter  which  resists  the  ac- 
^^bn  of  the  acid.     Drop  into  it  a  solution  of  tal  ammo. 


1 


•  Pi'iLTran.  xliia.  i^i,  aadi.  148.    See  iIm  ?M'.  Cm.  p. 443, far  * 
fcUdcliil  ofillihe  cx|<eriincnlE  on  lh»  metal  mailc  before  17A3. 
t  Uim.  Berlin,  ijsjtf.  it.  »nd  MargraTi  Of<ue  ti.ia6. 
tMlm.  Pmr.  I758■^  n?-  }  7""-  -^  f*J'   ■"■  31*- 

■  tdicqucr'a  Dhliaiury.  ^  Ofjc.  ii.  166, 
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niac*.  An  orange  yellow. coloured  precipitate  £ilb'll 
the  bottom.  Wash  this  precipitate ;  snd  when  dry* 
expose  it  to  a  heat  slowly  raised  (o  redocss  in  a  porc*- 
lain  crucible.  The  powder  which  remains  is  platiDtm 
nearly  pure.  By  redissolving  it  in  nitro-muriadc  add, 
and  repeating  the  whole  process,  it  may  be  made  sl31 
.purer.  When  these  grains  arc  wrapt  up  in  a  thin  plate 
of  platinum,  heated  to  redness,  and  cautiously  baittnie/. 
cd,  they  unite,  and  the  whole  may  be  farmed  into  O 
ingot  f. 

1.  Platinum,  thus  obtained,  is  of  a  while  colour  lifee 
silver,  but  not  so  bright  J.     It  has  no  taste  nor  smell. 

2.  Its  hardness  is  8.  lis  specific  gravity,  after  bein| 
hammered,  is  23'Ogo ;  so  that  it  is  by  far  the  heaviest 
body  known}. 

3.  It  is  exceedingly  ductile  and  malleable;  it  maj 
be  baDnicted  out  into  very  thin  plates,  and  drawn  into 
wires  not  exceeding  tVtt  ''''^'*  ***  ^ii^nieter.     In  tbeie 


It  it  1  Mmbinition  of  m 


•  TUi  ok  witi  be  deicribai  ■rRrmnb.    : 

i  Pt!L  Mtj.  ai.  tjs- 

tToihlicobur  it  uwo  iu  name.  PLita,  in  Spuuili.ii"  lilnr  i"ial 
fUtav,"  little  lUver."  tra*  the  mme  Gm  giTca  to  tbc  metal.  Bcrpnw 
liungcd  that  nunc  into  pUlimnn,  thit  the  Lititi  nunei  of  ill  ihe  noA 
might  hive  the  Hme  icrminitiDn  and  gender.  It  had  bc*n,  however. 
caiied  pUtinam  hy  Linnsu^  long  before. 

{  Kirwan'j  Mimr.  u.  lOj.  Authori  diffet  (ODtiiWraHy  in  their  0<y 
taVK  of  the  apceific  gravity  oT  ihii  metil.  hen't)  dii)  not  obuui  it  hea- 
vier than  gold  {  but  hii  triati  were  made  on  impure  iprcimetr*.  5tduf- 
fei,  from  the  tpccBc  gravity  oF  ihe  alloys  made  bjr  Lr.vn%,  nlcnlated  the 
ipccific  gravity  of  pladnutn  at  it  ;  but  -hiittirarr  mttrroncou*.  Skk. 
iogCD  foant)  it3i'o6i.  I  hive  <  iruc  hic  irKaie  •sn'^c  )^Tiiy  at  fint 
vru  near  is.  Cbabaniti  [uund  the  (pcciEc  i^^'^  '■^  P*"^  huanKicl 
pktlDUi^  no  leu  thm  -.^. 
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jpApetties  it  is  probably  inferior  to  gold,  but  it  seems    ,^^  ^^\ 
to  surpass  all  the  other  metals. 

4.  It9  tenacity  issuch^  that  a  wire  of  platinum  0*018 
inch  in  diameter  is  capable  df  supporting  a  weight  of 
274*31  lbs  avoirdupois  without  breaking*. 

5.  It  is  one  of  the  most  infusible  of  all  metals,  and 
cannot  be  melted  in  any  quantity  at  least,  by  the  strong'- 
est  artificial  heat  which  can  be  produced.  Macquer  and 
Baume  melted  small  particles  of  it  by  means  of  a 
blow -pipe,  and  Lavoisier  by  exposing  them  on  red  hot 
charcoal  to  a  stream  of  oxygen  gas*  It  may  indeed  be 
melted  without  difficulty  when  combined  or  mixed  with 
other  bodies,  but  then  it  is  not  in  a  state  of  purity. 
Pieces  of  platinum,  when  heated  to  whiteness,  may  be 
welded  tbgether  by  hammering  in  the  same  manner  as 
hot  iron. 

6.  This  metal  is  not  in  the  smallest  degree  altered 
by  the  action  of  air  or  water* 

II.  It  cannot  be  combined  with  oxygen  and  convert-  Oxtdn. 
ed  into  an  oxide  by  the  strongest  artificial  heat  of  our 
furnaces.  Platinum,  indeed,  in  the  state  in  which  it  is 
brought  from  America,  noay  be  partially  oxidized  by 
exposure  to  a  violent  heat,  as  numerous  experiments 
have  proved  ^  but  in  that  state  it  is  not  purci  but  com« 
bined  with  a  quantity  of  iron.  It  cannot  be  doubted, 
however,  that  if  we  could  subject  it  to  a  sufficient  heat, 
platinum  would  bum,  and  be  oxidized  like  other  me^ 
tals  :  For  when  Van  Marum  exposed  a  wire  of  plati- 
num to  the  action  of  his  powerful  electrical  machine^ 
it  burnt  with  a  faint  white  flame,  and  was  dissipated  in«  j 


^'  1  ■' .. 


•  Morvcau,  Av$.  de  Clim.  xxv.  7. 
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puok  I.      brown  flakes,  apparently  in  combination  with  sulphur. 

'*■    ■y    I  ■'    Indeed,  if  we  believe  Mr  Proust,  a  sulphuret  of  this 
metal  occurs  sometimes  mixed  with  native  platioa*. 

IV.  Platinum,  as  far  as  is  known,  does  not  combine 
with  the  siftiple  in  combustibles. 

Alloys.  V,  It  cotnbines  with  most  of  the  metals  and  fcrms 

alloys,  which  were  first  examined  by  Dr  Lewis. 

J.  Gold.  1.  Dr  Lewis  found  that  gold  united  with  platinnm 

when  they  were  melted  together  in  a  strong  heat.  He 
employed  only  crude  platina;  but  Vauqudin,  Hatchett, 
and  Kbproth,  have  since  examined  the  properties  of  the 
iiUaj  of  pure  platinum  and  gold  f .  To  form  the  alloy, 
it  is  necessary  to  fuse  the  metals  with  a  strong  hett, 
otherwise  the  platinum  is  only  dispersed  through  tbe 
c^old.  When  gold  is  alloyed  with  this  metal,  its  co- 
lour is  I'emnrkably  injured  ;  the  alloy  having  the  ap- 
pearance of  bell  metal,  or  rather  of  tarnished  silver. 
Dr  Lewis  foimd,  that  \«hen  the  platinum  amounted  only 
to  f;th,  the  alloy  had  nothing  of  the  colour  of  gold; 
even  one  forty-second  part  of  platinum  greatly  injured 
♦  the  colour  of  the    gold.      The  alloy  formed    by  Mr 

Hatchett  of  nearly  eleven  parts  of  ^old  to  one  of  pla- 
tinnm,  had  tlie  colour  of  tarnished  silver.  It  was  very 
ductile  and  elastic.  From  Klaproth  we  learn,  that  if 
\he  platinum  exceed  -rV^h  of  the  gokl,  the  colour  of  the 
alloy  Ts  much  puler  than  gold  ;  but  if  it  be  under  -Y-V^h, 
the  colour  of  the  gold  is  not  sensibly  altered.     Neither 


•  Juu.d'  Chiifi.  \.x\viii,  X49.  U  is  not  unlikely  that  this  ingeniouft 
chemist  too'x  tor  a  sulphurtt  of  platinum  some  one  of  the  nuoicroui  me- 
tallic bodies  that  Iiave  beea  lately  discovered  in  crude  platin*. 

f  Vanq^clin,  Manuei  Je  I'Ett  lyctr^  p.  44  — Hatchett  on  tbe  Alloy*  of 

Gold,  iiz.Pl':!.  '.'rant.  i'<o.v— Klaproth,  JnumJ  Je  Cbi^fify  if,  aq. 
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as  there  anj  alteration  in  the  ductility  of  the  gold.  Chap,  iv. 
Platinum  may  be  alloyed  with  a  considerable  propor- 
tion of  gold  without  sensibly  altering  its  colour.  Thus 
an  alloy  of  one  part  of  platinum  with  four  parts  of 
gold  can  scarcely  be  distinguished  in  appearance  from 
pure  platinum.  The  colour  of  gold  does  not  become 
predominant  till  it  constitutes  eight-ninths  of  the  al<-  ^ 

From  these  facts  it  follows,  that  gold  cannot  be  al- 
loyed with  f'^th  of  its  weight  of  platinum,  without  ea- 
sily detecting  the  fraud  by  the  debasement  of  the  co- 
lour ;  and  Vauquelin  has  shown,  that  when  the  plati- 
num does  not  exceed  tV^^>  i^  ™^J  ^^  completely  sepa- 
rated from  gold  by  rolling  out  the  alloy  into  thin  plates, 
and  digesting  it  in  nitric  acid.  The  platinum  is  taken 
up  by  the  acid  while  the  gold  remains.  But  if  the 
quantity  of  platinum  exceeds  i^(}i,  it  cannot  be  separa- 
ted completely  by  that  method  f. 


SECT.  III. 


OF    SILVER. 


I.   Silver  seems  to  have  been  known  almost  as  early 
as  gold. 

1.  It  is  a  metal  of  a  fine  white  colour  with  a  shade 
of  jrellow,  without  either  taste  or  smell ;  and  in  point 


Propertiefti 


*  Klaproth,  Journal  de  Cbimut  iv.  ^9. 
f  Manuel  de  VMsmjiMTf  pu  48. 
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Book  I.     of  brilliancy  is  perhaps  iofertor  to  none  of  the  metalii; 
bodies,  if  we  except  polished  steel. 

2.  lis  hardness  is  7.  When  melted,  its  specific  gra- 
Tity  is  10»474*  ;  when  hammered,  10*510+. 

3*  In  malleabilitj  it  is  inferior  to  none  of  the  iiie> 
tals,  if  we  except  gold.  It  may  be  beat  out  into 
leaves  only  x-^q^qq  inch  thick.  Its  ductility  is cquallj 
venuurkable :  it  may  be  drawn  out  into  a  wire  midi 
finer  than  a  human  hair ;  so  fine  indeed,  that  a  single 
grain  of  silver  may  be  extended  about  400  fert  in 
length.  ^' 

4.  Its  tenacity  is  such,  that  a  wire  of  silver  0:0^1 
inch  in  diameter  is  capable  of  supporting  a  weight  of 
187*13lbs  avoirdupois  without  breaking  t* 

5«  Silver  melts  when  it  is  heated  completdly  fed 
hot ;  and  while  melted  its  brilliancy  is  much  iocrcs- 
sed.  According  to  the  calculation  of  Mortimer  sod 
Bergman,  its  fusing  point  is  1000^  of  Fahrenheit*  Dt 
Kennedy  ascertained,  that  the  temperature  at  which  it 
melts  corresponds  to  22°  of  Wedgewood's  pyrometer {• 
If  the  heat  be  increased  after  the  silver  is  melted,  tbe 
liquid  metal  boils,  and  may  be  volatilized  ;  but  a  very 


^3= 


«  Brisson  and  Hatchett.  Fahrenheit  found  it  10*481.  (^PhiL  Traau 
1 724,  voL  xxxiii.  p.  x  14.)  I  found  pure  silver  melted  and  alowlj  cooltd 
of  the  specific  gravity  10*3946;  when  hammered  it  Uecame  10*4177$ 
when  rolled  out  into  a  plate  it  became  10*4812.  Nicholson's  /mt*.  sit. 
397. 

f  According  to  Brisioo.  Muschenbroeck  found  the  tpecxfic  gniity  cf 
hammered  silver  lo-joa  Dr  Lewis  makes  it  no  leia  tlun  io*98a  (FMC 
0»w.p.549.) 

t  Ann,  ie  Chim,  ZZT.  9. 

$  Sir  James  Hall,  Nuholscn*f  J§Mr.  is.  99. 
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Strong  and  long-condnaed  heat  is  necessary.     Gasto   ^Chap>lV. 
Claveos  kept  an  ounce  of  silver  melted  in  aglass-^honse 
furnace  for  two  months,  and  found,  by  weighing  it^ 
that  it  had  sustained  a  loss  of  Vr  of  its  weight*. 

When  cooled  slowly,  its  surface  exhibits  the  appear- 
ance of  crystals ;  and  if  the  liquid  part  of  the  metal  be 
jpoured  out  as  soon  as  the  surface  congeals,  pretty  large 
crystals  of  silver  may  be  obtained.  By  this  method 
Tillet,  and  Mongez  junior,  obtained  it  in  four-sided 
pyramids,  both  insulated  and  in  groups. 

II.  Silver  is  not  oxidized  by  exposure  to  the  air :  Oiidct. 
it  gradually  indeed  loses  its  lustre,  and  becomes  tar* 
nished ;  but  this  is  owing  to  a  different  cause.  Nei- 
ther is  it  altered  by  being  kept  under  water.  But  if  it 
be  kept  for  a  long  time  melted  in  an  open  vessel,  it 
gradually  attracts  oxygen  from  the  atmosphere,  and 
is  converted  into  an  oxide.  This  experiment  was  first 
0ade  by  Junker,  who  converted  a  quantity  of  silver  into 
a  vitrifi>rm  oxide  f.  It  was  afterwards  confirmed  by  Mac^ 
qner  and  Darcet.  Macquer,  by  exposing  silver  20 
times  successively  to  the  heat  of  a  porcelain  furnace, 
obtained  a  glass  %  of  an  olive  green  colour  $.  Nay,  if 
the  heat  be  sufficient,  the  silver  even  takes  fire,  and 
bums  like  other  combustible  bodies.  Van  Marum 
made  electric  sparks  from  his  powerful  Teylerian  ma« 
chine  pass  through  a  silver  wire  ;  the  wire  exhibited  a 


*  Theatrmm  Chem,  ii.  17. 
t  Junker's  Cmis^tims  Q>em.  i.  887. 

I  Metallic  ondcs,  ifter  fbnon,  are  called  glatt,  because  tbey  acquire  a 
good  deal  of  resemblance,  in  seme  particulars,  to  common  glai«« 
f  Mac^er*i  DUthnaryt  ii.  571. 
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Bookr.      greenish  white  flame,  and  was  dissipated  into  smoke. 

^■1   ^  Before'  a   stream    of  oxygen   and    hydrogen    gas,  it 

burns  rapidly  with  a  light  green  fiame.       By  means 

of  the   galvanic  battery  it   may  be  burnt  with  great 

brilliancy. 

The  oxide  of  silver,  obtained  by  means  of  heat,  is  of 
a  greenish  or  olive  colour.  When  silver  is  dissolved 
in  nitric  acid,  and  precipitated  by  lime  water^  it  falls 
to  the  bottom  under  the  form  of  a  powder  of  a 
dark  olive  brown  colour.  From  the  experiments  of 
Klaproth  we  learn,  that  this  oxide  is  composed  of  100 
parts  of  silver  wiited  to  12*8  of  oxygen*,  or  per  cent* 
of  about 

89  silver 
11  oxygen 


100 
which  differs  but  little  from  the  previous  statements  of 
Bergman  +  and  Wenzel.  But  Proust,  from  an  experi- 
ment, which  however  he  thinks  requires  repetition, 
considers  this  oxide  as  a  compound  of  100  silver  and 
Oi  oxygen  t*  This  oxide  is  tasteless  and  insoluble  in 
water.  When  exposed  to  the  light,  part  of  its  oxygen 
is  separated,  as  Scheele  first  ascertained,  and  it  is  coo- 
verted  into  a  black  powder,  which  contains  but  a  very 
small  portion  of  oxygen,  and  may  be  considered  as  sil- 
vtv  reduced.  By  exposing  the  solution  of  silver  in  ni- 
tric acid  to  sunshine,  the  silver  precipitates  in  the  form 
of  a  flea-brown  powder. 


*  Beitrage,  ili.  199.  f  Oftue,  iii.  39 r. 

I  Nicholson's  Jour,  xv.  375. 


it 
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The  oxide  now  described,  as  ftr  as  we  know  at  pre-  Chap  IV. 
sent,  is  the  peroxide  of  silver  ;  the  protoxide,  as  Proust 
has  discovered,  maj  be  formed  by  dissolving  silver  iti 
nitric  acid,  and  heating  the  solution  in  contact  with  a 
portion  of  the  metal  in  the  state  of  powder.  Its  colour 
resembles  that  of  the  peroxide  ;  but  its  combination 
with  nitric  acid  is  much  more  soluble  *. 

III.  Neither  carbon  nor  hydrogen  have  been  com*  Combta»> 
billed  with  silver;  but  it  combines  readily  with  sulphur  combcA 
and  phosphorus.  ^^ 

1 .  When  thin  plates  of  silver  and  sulphur  are  laid  al«  Sulphurct. 
ternately  above  each  other  in  a  crucible,  they  melt  rea- 
dily in  a  low  red  heat,  and  form  sttlphuret  q/ silver.  It 
is  of  a  black  or  very  deep  violet  colour ;  capable  of 
being  cut  with  a  knife;  often  crystallized  in  small 
needles ;  and  much  more  fusible  than  silver.  If  suf- 
ficient heat  be  applied,  the  sulphur  is  slowly  volatilized, 
and  the  metal  remains  behind  in  a  state  of  purity.  This 
compound  frequently  occurs  native.  It  has  a  dark 
grey  colour,  a  metallic  lustre,  and  the  softness,  flexibi- 
lity, and  malleability  of  lead.     Its  specific  gravity  is 

about  7*2.     According  to  the  analysis  of  Klaproth,  it  is 
composed  of 

85  silver 

15  sulphur 


♦t. 


« 


ioo  t 

Hence  100  parts  of  silver  unite  with  about  17*6  pai^s 
of  sulphur  %. 


^  Kic]io]son*s  Jwr,  iv.  376.  i  Beitrage,  L  163. 

I  In  WcDtert  triali,  xoo  parts  of  silver  took  up  only  14*7  parts  of  sul- 
phar.  But  probably  the  heat  was  too  great.  VtrvHrndhdaft^  p,  279- 
Orinders  editimi. 
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Book  I.         It  is  well  known  that  when  silver  is  long  expo&ed  to 

^  .y  .  >  the  air,  especiallj  in  frequented  places,  as  churcheSi 
theatres,  &c*  it  acquires  a  covering  of  a  violet  cdoar, 
which  deprives  it  of  its  lustre  and  malleability.  This 
covering,  which  forms  a  thin  layer,  can  only  be  detach- 
ed from  the  silver  by  bending  it,  or  breaking  it  in  pieces 
with  a  hammer.  It  was  examined  by  Mr  Proust,  and 
found  to  be  sulphuret  of  silver  *. 

Pliiipfa«-'  2.  Silver  was  first  combined  with  phosphoms  by  Mr 

Pelletier*  If  one  ounce  of  silver*  one  ounce  of  pbosfdio- 
ric  glass,  and  two  drams  of  charcoal,  be  mixed  together, 
and  heated  in  a  ctvLcAAt^  phospburet  of  silver  is  form- 
ed. It  is  of  a  white  colour,  and  appears  granulated,  or 
as  it  were  crystallized.  It  breaks  under  the  hammer, 
but  may  be  cut  with  a  knife.  It  is  composed  of  four 
parts  of  silver  and  one  of  phosphorus.  Heat  decom* 
poses  it  by  separating  the  phosphorus  f.  Pelletier  has 
observed  that  silver  in  fusion  is  capable  of  combining 
with  more  phosphorus  than  solid  silver:  for  when 
phosphuret  of  silver  is  formed  by  projecting  phospho- 
rus into  melted  silver,  after  the  crucible  is  taken  fro<a 
the  fire,  a  quantity  of  phosphorus  is  emitted  the  mo- 
ment the  metal  congeals  J. 

IV.  Silver  does  not  combine  with  the  simple  incom- 
bustiblcs. 

Alloys  ^'  Silver  combines  readily  with  the  greater  number 

of  metallic  bodies. 

1.  When  silver  and  gold  are  k^pt  melted  together, 

Witkffold,  '  ^^^7  combine,  and  form  an  alloy  composed,  as  Homberg 


«  Ann.  de  CUm.  1 14a.  f  PclIeticT,  /f»w.  ife  Cbim,  i.  75, 

I  jUn.de  Cbim,  ziii.  XiO. 
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ascertained,  of  one  part  of  silver  and  five  of  gold.  He  Cha^  tv. 
kept  equal  parts  of  gold  and  silver  in  gentle  fusion  for 
a  quarter  of  an  hour,  and  found,  on  breaking  the  cruci* 
Ue,  two  masses,  the  uppermost  of  which  was  pure  sil- 
ver, the  undermost  the  whole  gold  combined  with  |.  of 
silver.  Silver,  however,  may  be  melted  with  gold  in 
almost  anj  proportion  ;  and  if  the  proper  precau- 
tions be  employed,  the  two  mttals  remain  combined 
together. 

The  alloy  of  gold  and  silver  is  harder  and  more  so- 
norous than  gold.  Its  hardness  is  a  maximum  when 
the  alloy  contains  two  parts  of  gold  and  one  of  silver  *.  ^ 

The  density  of  these  metals  is  a  little  diminished  f,  and 
the  colour  of  the  gold  is  much  altered,  even  w^hen  the 
proportion  of  the  silver  is  small ;  one  part  of  silver  pro- 
duces a  sensible  whiteness  in  twenty  parts  of  gold. 
The  colour  is  not  only  pale,  but  it  has  also  a  very  sen- 
sible greenish  tinge,  as  if  the  light  reflected  by  the  sil« 
-ter  passed  through  a  very  thin  covering  of  gold.  This 
aUoy,  being  more  fusible  than  gold,  is  employed  to  sol- 
der pieces  of  that  metal  together. 

2.  When  silver  and  platinum  are  fused  together  (for  WHh  ^t^^ 
which  a  very  strong  heat  is  necessary),  they  form  a  *"""• 
mixture,  not  so  ductile  as  silver,  but  harder  and  less 
white.  The  two  metals  are  separated  by  keeping  them 
for  some  time  in  the  state  of  fusion  -,  the  platinum 
sinking  to  the  bottom  from  its  weight.  This  circum- 
stance would  induce  one  to  suppose  that  there  is  very 
little  affinity  between  them.  Indeed  Dr  Lewis  found, 
that  when  the  two  metals  were  melted  together,  th^ 


•  MuichenVrocck.  f  Hatchett. 
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sputtered  up  as  if  there  were  a  kind  of  repugnance  be- 
tween them.  The  difficulty  of  uniting  them  was  no- 
ticed also  by  Scheffer  *. 


SECT.  IV. 


OF    MERCURY. 


froparties. 


I.  jMercurt,  called  also  qjjicksilver,  was  known  in 
the  remotest  ages,  and  seems  to  have  been  employed  by 
the  ancients  in  gilding  and  in  separating  gold  from  other 
bodies  just  as  it  is  by  the  moderns. 

1.  Its  colour  is  white  and  similar  to  that  of  silver; 
hence  the  names  hydrargyrum,  argentum  vivum,  quUt'- 
silver,  by  which  it  has  been  known  in  all  ages.  It  has 
no  taste  nor  smell.  It  possesses  a  good  deal  of  brillian- 
cy :  and  when  its  surface  is  not  tarnished,  makes  a  very 
good  mirror. 

2.  Its  specific  gravity  is  13*508  t« 

When  in  a  solid  state  its  density  is  increased  ;  its 
specific  gravity,  according  to  the  experiments  of  Schulz, 


♦  l^VfVSiPbilcsopb.  Commerce y  p.  jao. 

f  CAvcndish  and  Brisson.  The  specific  gravity  varies  considerably 
like  that  of  all  other  metals.  Fahrenheit  found  it  13*575.  (Phil-  Trans. 
1724.  vol.  xxxiii  114.)  Mr  Biddle  found  it  13*613  at  the  temperature 
of  50°.  (PhiL  Mag.  xxx.  X34\ 
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being  14'301*,  according  to  the  experiments  of  Mr    CTiap.  IV, 

Biddle  14-465  t. 

3.  At  the  comn^on  temperature  of  the  atmosphere  it 

IS  always  in  a  state  of  fluidity.  In  this  respect  it  dif- 
fers from  all  other  metals.  But  it  becomes  solid  when 
exposed  to  a  sufficient  degree  of  cold.  The  tempera-  Point  of 
ture  necessary  for  freezing  this  metal  is  — 39^  as  was  ^-^^ 
ascertained  by  the  experiments  of  Mr  Hutchins  it  at 
Hudson's  Bay.  The  congelation  of  mercury  was  acci- 
dentally discovered  by  Professor  Braun  at  Petersburgh  in 
1759.  Taking  the  advantage  of  a  very  severe  frost, 
he  plunged  a  thermometer  into  a  mixture  of  snow 
and  salty  in  order  to  ascertain  the  degree  of  cold  there- 
by produced.  Observing  the  mercury  stationary,  even 
after  it  was  repoved  from  the  mixture,  he  broke  the 
bulb  of  the  thermometer,  and  found  the  metal  frozen  in- 
to a  solid  mass.  This  experiment  has  been  repeated 
very  often  since,  especially  in  Britain  j.  Mercury  con- 
tracts considerably  at  the  instant  of  freezing  ;  a  circum- 
stance which  misled  the  philosophers  who  first  witnes- 
sed its  congelation.  The  mercury  in  their  thermome- 
ters sunk  so  much  before  it  froze,  that  they  thought 
the  cold  to  which  it  had  been  exposed  much  greater 
than  it  really  was.  It  was  in  conscquenoe  of  the 
rules  laid  down  by  Mr  Cavendish,  that  Mr  Hutchins 


•  Gchkii*8  Jour,  iv.434.  +  Fhil.  Mag.  m,  134. 

I  Pifi/.  Tram,  I'jZ;^^  p.  303.  See  aUo  Mr  Cavenduh^s  obaervationt  ou 
Mr  Hutchin'B  ezpermicnts  in  the  same  volume  of  the  Tranttctions. 

{  The  method  o£  pcrfonniiig  this  cxpeniucnt  will  be  describe(i  in  *y^^ 
focofid  9ivi<ion  of  tke  first  part  of  this  Wurk.' 
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996k  h      was  enabled  to  ascertain  the  real  freezing  point  of  the 
metal. 

4*  Solid  mercury  may  be  subjected  to  the  blows  oft 
hammer,  and  may  be  extended  without  breaking.  It  is 
therefore  malleable  ;  but  neither  the  degree  of  its  mal- 
leability, nor  its  ductility,  nor  its  tenacity^  have  been 
ascertained. 
Boiling  5t  Mercury  boils  when  heated  to  656^  *•     It  may 

P^"*^*  therefore  be  totally  evaporated,  or  distilled  from  one 

vessel  into  another.  It  is  by  distillation  that  mercury 
is  purified  from  various  metallic  bodies,  with  which 
it  is  often  contaminated.  The  vapour  of  mercury 
is  invisible  and  elastic  like  common  air :  like  air, 
too,  its  elasticity  is  indefinitely  increased  by  heat, 
so  that  it  breaks  through  the  strongest  vessel.  C^eoff- 
roy,  at  the  desire  of  an  alchymist,  inclosed  a  qnan* 
tity  of  it  in  an  iron  globe  strongly  secured  by  iron 
hoops,  and  put  the  apparatus  into  a  furnace*  Soon 
after  the  globe  became  red  hot,  it  burst  with  aU  the 
violence  of  a  bomb,  and  the  whole  of  the  mercury  was 
dissipated  f. 
Oiidcs.  !'•  Mercury  is  not  altered  by  being  kept  under  wa- 

ter. When  exposed  to  the  air,  its  surface  is  gradually 
tarnished,  and  covered  with  a  black  powder,  owing  to 
its  combining  with  the  oxygen  of  (he  atmosphere.  But 
this  change  goes  on  very  slowly,  unless  the  mercury  be 
either  heated  or  agitated,  by  shaking  it,  for  instance,  in 
a  large  bottle  full  of  air.     By  either  of  these  processes 


*  Crkhf on,  PbH.  Mag.  xiv.  49.  f  Macfuer*s  Cktfkttim 
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the  metal  is  converted  into  an  oxide :  bj  the  last,  into    Chap,  iv, 

a  black  coloured  oxide ;  and  bj  the  first,  into  a  red 

coloured  oxide.  This  metal  does  not  seem  to  be  capable 

of  combostion;  at  least  no  method  which  I  have  hither* 

to  tried  to  bum  it  has  succeeded.     It  is  the  only  metal 

I  have  hitherto  had  an  opportonity  of  examining  whidi 

may  not,  by  peculiar  management,  be  made  to  burnm 

The  oxides  of  mercury  at  present  known  are  four  in 
number. 

1.  The  protoxide  was  first  described  with  accuracy  protoxide. 
by  Boerhaave.  He  formed  it  by  putting  a  little  mer* 
cury  into  a  bottle,  and  tying  it  to  the  spoke  of  a  mill- 
-wheel*.  By  the  constant  agitation  which  it  thus  under- 
went, it  was  converted  into  a  black  powder,  to  which 
be  gave  the  name  of  etUcpsper  se.  It  i':  a  black  pow- 
der without  any  of  the  metallic  lustre,  has  a  coppery 
taste^  and  is  insoluble  in  water.  According  to  the  ex- 
periments of  Fourcroy,  it  is  composed  of  96  parts  of 
mercury  and  four  of  oxygenf.  According  to  Messrs 
Braamcamp  and  Siqoiera-Oliva,  it  is  composed  of 
92'5  mercury  and  7*5  oxygen^.  When  this  oxide  is 
exposed  to  a  strong  beat,  oxygen  gas  is  emitted,  and  the 
mercury  reduced  to  the  metallic  state.  In  a  more  mo* 
deratb  heat  it  combines  with  an  additional  dose  of  oxy- 
gen, and  assumes  a  red  colour. 

This  black  oxide  may  be  procured  by  shaking  pure 


% 
■» 


*  This  experiment  was  fint  made  by  Homberg  in  1699.  ^^  ^^' 
tached  a  bottle  holding  aome  mercury  to  the  clapper  of  a  mill.  M^r- 
tyil*S  Ah-idg.  9fth€  Par,  Mem,  vol.  i. 

f  Jotir.  di  MtMm^  An.  X.  p.  183.  X  ^^**  ^  ^^*  h'^*  I20. 
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Book  T.     mercury  in  oxygen  gas  or  common  air,  or  uj  tritisratin| 

I.  Ill  I  ^       I   It  With  water*. 

2.  When  mercury  is  dissolved  in  nitric  aeid  without 
the  assistance  of  heat^  and  the  acid  is  made  to  take  up 
as  much  mercury  as  possible^  it  has  been  ascertained 
by  the  experiments  of  Mr  Chenevix,  that  an  onde  js 
formed,  composed  of  89*3  mercury  and  10*7  oxygenf* 
In  this  case,  100  parts  of  mercury  unite  with  about  12 
of  oxygen.  This  oxi^e  cannot  be  separated  complete* 
]y  from  the  acid  which  holds  it  in  solution  without  un- 
dergoing a  change  in  its  composition;  of  course  we 
are  at  present  ignorant  of  its  colour  and  other  properties. 
Indeed  it  is  believed  by  many  to  be  the  same  with  the 
black  oxide  just  described  under  the  name  o( protoxide; 
bnt  as  this  h?.s  not  been  proved,  and  as  experiments 
have  gi\f  n  a  different  proportion  of  oxygen  for  each, 
it  would  be  improper  at  present  to  confound  them  to- 
gether. Besides,  during  the  formation  of  the  red  ^$eide 
of  mercury  by  heat,  three  stages  may  be  observed: 
The  metal  first  assumes  the  form  of  a  black  powder; 
this  powder  becomes  afterwards  j^^Z/ou?,  and  at  lastr^^. 
The  yellow  powder  may  be  the  very  oxide  which  is 
formed  by  nitric  acid  in  the  above  process.^ 

Red  or/ule.  3.  When  mercury,  or  its  protoxide,  is  exposed  to  a 
heat  of  about  600^,  it  combines  with  additional  oxy* 
gen,  assumes  a  red  colour,  and  is  converted  into  an  ox- 
ide, which,  in  the  present  state  of  our  knowledge,  wc 
must  consider  as  a  tritoxide.  This  oxide  may  be  form- 
ed two  different  ways:   1.  By  putting  a  little  mercury 


•  Sec  Waa«erberj'»  Imtiiutionct  Cbcmh^  ii.  aCt 
t  fLil,  Trans.  i8di. 


Into  -a  flit-bottomed  glass  bottle  or  matrass,  the  neck  of  Chip.iV. 
which  is  drtwn  out  into  a  very  narrow  tube,  putting 
The  matrass  tnio  a  sand  btlh,  and  keeping  it  constaallv 
at  the  boiling  point.  The  height  of  ihe  matrass,  and 
the  smallness  of  its  mouth,  prevents  the  mercury  from 
making  its  escape,  while  it  affords  free  access  to  the  air. 
The  surface  of  the  mercury  becomes  gradually  black, 
and  then  red,  by  combining  with  the  oxygen  of  the  air : 
and  at  the  end  of  several  weeks,  the  whole  is  convened 
ioio  a  red  powder,  or  rather  into  small  crystals  of  a 
very  deep  ted  colour.  The  oxide,  when  thus  obtain- 
ed, was  formerly  called  prceipilntt  ptr  si.  2.  When 
ifiercnry  is  dissolved  in  nitric  acid,  evaporated  to  dry- 
ness, and  then  exposed  to  a  graduated  heat,  it  assumes 
a  brilliant  scarlet  colour.  The  powder  thus  obtained 
was  formerly  called  rtd  precipitati,  and  possesses  ex- 
actly the  properties  of  the  oxide  obtained  by  the  for- 
mer process*. 

This  oxide  has  an  acrid  and  disagreeable  taste,  pos-> 
sesses  poisonous  qualities,  and  acts  as  an  eschaioiic 
when  applied  to  any  part  of  the  skin.  It  is  somewhat 
solnble  in  water.  When  triturated  with  mercury,  it 
gives  out  part  of  its  oxygen,  and  the  mixture  assumes 
various  colours  according  to  the  proportion  of  the  in- 
gredtents.  When  heated  along  with  zinc  or  tin  Qliugs, 
it  Kts  these  metals  on  (ire.  According  to  Fourcroy,  it 
is  composed  of  C2  parts  of  mercury  and  eight  of 
oxygen -f.     But  the  analysis  of  Mr  Chenevix,  to  b* 
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described  Iiercafieri  gives,  for  the  proportioii  of  ill 
componeot  parts,  85  partt  of  mercury  and  15  parts  of 
oxygen.  Messrs  Braamcamp  and  Siquiera-Olivi^  oa 
the  other  hand^  found  it  a  compound  of  90  nercnij 
and  10  oxygen*. 

4«  When  a  current  of  oXymuriattc  gas  is  passed 
through  water  in  which  there  is  red  oxide  of  mercuiy, 
the  oxide  gradually  assuflies  a  dark  brown  colour^  and 
a  portion  of  it  is  dissolved.  This  brown  powder  re- 
tains the  form  and  crystalline  appearance  of  the  red 
oxide.  It  dissolves  in  nitric  acid  without  effervescence  ^ 
with  muriatic  acid  it  forms  the  very  same  compound  as 
the  red  oxide ;  and  from  both  it  is  thrown  down  in  the 
state  of  a  yellow  powder  by  potash,  as  is  the  ca^  with 
the  red  oxide  when  similarly  dissolved.  We  have 
therefore  no  proof,  except  the  new  colour,  to  lead  us  to 
suppose  that  the  brown  powder  is  a  different  oxide  from 
the  red.  Mr  Chenevix,.  however,  to  whom  we  are  in- 
debted for  all  these  facts,  is  rather  inclined  to  consider 
them  as  distinct  f.  Bilt  Messrs  Sraamcamp  and  Si- 
quiera»01iva  have  rendered  it  extremely  probable,  that 
the  dark  colour  is  owing  merely  to  the  presence  of  a 
portion  of  muriatic  acid,  and  not  to  any  difference  in 
the  state  of  oxidiLementt* 

III.  Mercury  does  not  combine  with  carbon  nor  hy- 
drogen ;  but  it  imites  readily  with  sulphur  and  with 
|>hosphorus. 

.1.  When  two  parts  of  sulphur  and  one  of  mercuiy 
are  triturated  together  in  a  mortar,  the  mercury  gradually 


*   Ann.  d*  Chim,  Ht.  Zi8. 
t  JtH,di  Chim,  litr.  ZS9. 
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disappesf^s,  smd  the  wholq  assumes  the  fonh  of  a  Uack  ^^P*  ^• 
powder^  formerly  called  etiwps  mineral*  It  is  scarcelj 
pos&ihic  by  this  process  to  opmbine  the  sulphur  and 
mercury  so  completelj>  that  small  globulei^  of  the  me- 
tal m9ij  apt  be  detected  by  a  microscope*  When  mer- 
cary  is  added  slowly  to  its  own  weight  of  melted  sul- 
phur, and  the  mixmre  is  constantly  stirredj^  the  same 
bhek  eompoaod  is  formed* 

When  this  substance  is  heated^  pan  of  the  sulphur  i% 
dissipated*  and  the  couipound  assumes  a  deep  violet  co- 
lout- 

F^nrcroy  had  suggested,  that  in  this  compound  the 
mercary  is  in  the  state  of  black  oxide^  absorbing  the 
necessary  portion  of  oxygen  from  the  atmosphere  du- 
ring its  combination  with  the  sulphur*.  But  the  late 
experiments  of  Proust  have  shown  that  this  is  not  the 
case  t*  .Berthollet  had  conjectured  that  it  contains  sul* 
phureted  hydrogen  ^  but  Seguin  has  ascertained  that 
this  opinion  is  not  well  founded  :(*  £thiops  mineral, 
theo»  is  merely  a  sulpburet  of  mercury*.    The  union  "* 

is  probably  less  intimate,  and  the  proportion  of  sulphur 
greater,  than  in  rtd  su^buret  of  mercury* 

2*  When  ethiops  mineral  is  heated  red  hot,  it  sub-   RM  rj!. 
limes ;  and  if  a  proper  vessel  be  placed  to  receive  it,  a  ^  "^'^^ 
cake  is  -obtained  of  a  fine  red  colour.     This  cake  was 
formerly  called  cinnabar  ;  and  when  reduced  to  a  fine 
powder,  is  well  known  in  commerce  under  the  name  of 


♦  Fourcroy,  ▼.  298.  t  y^^r*  de  Pbys,  IHi.  pa. 

I  Statifut  Cblmifue^  u.  439* 
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Bo;^  '•  vermilion  *•  It  has  been  bithertb  supposed  a  compoioid 
of  the  oxide  of  mercury  and  sulphur.  Bat  the  experi- 
ments of  Proust  have  demonstrated  that  the  meroirjr 
which  it  contains  is  in  the  metallic  state.  Accordiiig 
to  that  very  accurate  chemist,  it  is  composed  of  85  parts 
of  mercury,  and  l5  of  sulphur  f  •  It  is  therefore  a  swU 
f  buret  of  mercttfy^ 

This  sulphuret  of  mercury  has  a  scarlet  colour,  more 
or  less  beatitiful,  according  to  the  mode  of  preparing  it. 
Its  specific  gravity  is  about  10«  It  is  tasteless,  inso« 
luble  in  water,  and  in  muriatic  acid,  and  not  altered  by 
exposure  to  the  air.  When  heated  stifiiciently,  it  takes 
fire,  and  burns  with  a  blue  fiame.  When  mixed  widi 
half  its  weight  of  iron  filings,  and  distilled  in  a  stone 
ware  retort,  the  sulphur  combines  with  the  iron,  and 
the  mercuiry  passes  into  the  receiver,  which  ought  to 
contain  water.  By  this  process  mercury  may  be  ob« 
taitied  in  a  state  of  pilrity.  The  use  of  this  snlpbuftt 
of  mercury  as  a  paint  is  well  known  X* 

Ctinnaber  may  be  prepared  by  various  other  proces- 
ses. One  of  the  simplest  of  these  is  the  following, 
lately  discovered  by  Mr  Kirchoflf.  When  300  grains 
of  mercury,  and  68  of  sulphur,  with  a  few  drops  of  so- 
lution of  potash  to  moisten  them,   are  triturated  for 


*  The  word  vermilion  is  derived  from  the  French  word  wnwt,  which 
come*  from  vermiculus^  or  vermiculmm :  names  given  in  the  middle  igei  W 
the  kermet  or  coccui  illicif^  well  knows  as  a  red  dye.  f^ermiB§m  otifpmStf 
signified  the  red  dye  of  the  kermes.  See  Beekmanm's  Hutory  of  Due^vtrw^ 
ii.  I  So 

f  Jour»  de  Pbyt.  liii.  91. 

I  See  a  description  of  the  process  of  nuking  it  by  Pkysse,  Amm,  dt  G&or. 
K.  196,  andby  Tuckm, i^, iv. aj. 


some  time  ia  a  porcelain  cup  by  means  of  a  glan  pestle,  O*^'  "^'_ 
ethiops  mineriil  is  produced.  Add  lo  this  160  grains 
of  potash  dissolved  in  as  much  water.  Heat  the  ves- 
sel containing  the  ingredients  over  the  flame  of  a  can- 
dle, and  continue  the  Irihiration  without  inieiniption 
during  the  heating.  In  proportion  as  the  liquid  evapo> 
rates,  add  clear  water  from  time  lo  lime,  so  thai  the  ox- 
ide may  be  constantly  covered  to  the  depth  of  near  an 
inch.  The  trituration  must  be  continued  about  two 
hours  ;  at  the  end  of  which  time  the  mixture  begins  to 
change  from  its  original  black  colour  to  a  brown,  which 
usually  happens  when  a  large  part  of  the  fluid  is  evapo- 
rated, h  then  passes  very  rapidly  to  a  red.  No  more 
water  is  to  be  added  -,  but  the  trituration  is  to  be  con- 
tinued without  interruption.  When  the  mass  has  ac. 
quired  the  consistence  of  a  jelly,  the  red  colour  b-:rcomes 
more  and  more  bright,  with  an  incredible  degree  of 
quickness.  The  instant  the  colour  bas  acquired  its  ut- 
most beauty,  the  heat  must  be  withdrawn,  otherwise  the 
red  passes  to  adiriybrown.  Count  de  IVIoussin  Pousch- 
kin  has  discovered,  thai  its  passing  to  a  brown  colour 
may  be  prevented  by  talcing  it  from  the  Are  as  soon  as 
it  has  acquired  a  red  colour,  and  placing  it  for  two  or 
three  days  in  a  gentle  heat,  taking  care  to  add  a  few 
drops  of  water,  and  to  agitate  the  mixture  from  time 
to  time.  During  this  exposure  the  red  colour  gradu- 
ally improves,  and  at  last  becomes  excellent.  He  dis- 
covered also,  that  when  this  sulphuret  is  ex[iosed  to  a 
strong  heat,  it  becomes  instantly  brown,  and  then  pas- 
ses into  a  dark  violet ;  when  taken  from  the  fire,  it  pas- 
ses inslaolly  to  a  beautiful  carmine  red  *. 
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d:jl!*^'  ^*  ^^  PcHctier,  after  several  fmsucoeftsful  «ne«pls 
\  y  J  t6<x3mbine  phosphorus  and  tnerctrtryy  at  lailattcoeeded 
Pho^huret.  i^y  distilling  a  mixturti  of  red  osride  of  tnercory  and 
phosphoros.  Part  of  the  phosphoras  cosibiiied  with 
the  oxj^gen  of  the  oxide,  and  #a$  converted  ihtb  im.  add ; 
th«.  rest  combined  with  the  tnercury.  He  ebscrwd^ 
that  the  merctit  j  was  converted  into  a  Mat^  po«rder  be- 
fore it  combined  with  the  phosphorus.  'On  fsakiiig  tlM 
expeiifnent,  I  found  that  phos[)hoTus  combiaes  ^rcrjr 
readily  with  the  black  oxide  of  mercury;  wheA  tpidlttA 
atdlig  with  it  in  a  retort  filled  witb  hydrogen  'gas  to 
prevent  the  combustion  of  the  phosphorus.  As  PeHe^ 
tier  could  not  succeed  in  his  atteippts  to  combine  phos« 
phorus  with  mercury  in  its  metallic  state,  we  must 
conclude  that  it  is  not  with  mercury,  but  with  the  UadL 
oxide  of  mercury,  that  the  phosphorus  combifies.  The 
compound  therefore  is  not  fhosphuret  ojf  mtmtry^  im 
hlfick  phosphureted  oxide  tf  mercury. 

It  is  of  a  black  colour,  of  a  pretty  solid  consistence, 
and  capable  of  being  cut  with  a  knife.  When  exposed 
to  the  air,  it  exhales  ^'^pours  of  phosphorus  *. 

IV.  Mercury  does  not  combine  with  the  simple  in- 
combustibles. 

Arualffams  ^'  Mercury  combines  with  the  greater  number  of 
metals.  These  combinations  are  known  in  chemistry 
by  the  name  of  amalgams  f . 

Of  Gold.  1.  The  amalgam  of  gold  is  formed  very  readily,  be* 

cause  there  is  a  very  strong  affinity  between  the  two 


*  Ann.  de  CLim,  xiii.  151. 

f  This  word  is  iuppossd  to  be  derived  from  ai^a  and  yafAt»  ;  of 
tC  signifies  literally  lmterinarT'u><*€, 


MERCURT. 

metali.  If  a  bit  of  gold  be  dipped  into  mereury,  its  Qa^.  v 
snrface,  bj  combining  with  mercury,  becomes  as  white 
as  silver.  The  easiest  way  of  forming  this  amalgam  is 
lo  ihraw  small  pieces  of  red  hot  gold  into  mercury 
heated  till  it  begins  to  smoke.  The  proportions  of  the 
ingredients  are  not  deierminablc,  because  they  combine 
JQ  any  proportion.  This  amalgam  is  of  a  silvery  white- 
ness. By  squeezing  it  through  leather,  the  excess  of 
mercury  may  be  separated,  and  a  soft  white  amalgam 
obtained,  which  gradually  becomes  solid,  and  consists 
of  about  one  part  of  mercury  to  two  of  gold.  It  melts 
at  a  moderate  temperature  ;  and  in  a  heat  below  redness 
Ihe  mercury  evaporates,  and  leaves  the  gold  in  3  state 
of  poriiy.  It  is  much  used  iu  gilding.  The  amalgam 
is  spread  upon  the  metal,  which  is  to  be  gilt ;  and  then 
by  the  application  of  a  gentle  and  equal  heal,  the  mer- 
ciHy  is  driven  oft',  and  the  gold  left  adhering  to  the  me- 
taOBc  surface  ;  this  surface  is  then  rubbed  with  a  brass 
wire  brush  under  water,  and  afterwards  burnished  ". 

2.  Dr  Lewis  attempted  to  form  an  amalgam  of  pla-  I'Uiinunii 
tiDUm,  but  succeeded  only  impcrfcclly,  as  was  the  case 
also  with  SchefFerf.  Guyton  Morveau  succeeded  by 
meatis  of  heat.  He  fixed  a  small  cylinder  of  platinum 
at  the  boitom  of  a  tall  glass  vessel,  and  covtrcd  it  with 
mercury.  The  vessel  was  then  pl.iced  in  a  sand-bath, 
and  the  mercury  kept  constantly  boiling,  The  mercury 
gradually  combined  with  the  platinum  j  the  weight  of 
the  cylinder  was  doubled,  and  it  became  brittle.  When 
heated  strongly,  the  mercury  evaporated,  and  left  the 
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,^M'.  platinum  partly  oxidated.  It  is  remrkaUe  tbat  Ae 
platinum,  notwithstanding  its  superior  speafic  gravityi 
always  swam  upon  the  suriace  of  the  mercury,-  so  that 
Morveau  was  under  the  necessity  of  fixing  it  doufgi  ^« 

The  simplest  and  easiest  way  of  combining  plati* 
num  and  mercury  was  pointed  out  by  Muschin  Push* 
kin.     It  consists  in  triturating  with  mercury  the  fiae 
powder  obtained  by  precipitating  platinum  from  nitro- 
muriatic  acid  by  sal  ammoniaci  and  exposing  the  ^- 
cipitate  to  a  graduated  heat«     Some  trituration  Is  ac« 
cessary  to  produce  the  commencement  of  combination ; 
but  when  once  it  begins,  it  goes  on  rapidly.  Small  quan- 
tities of  the  platinum  and  mercury  are  to  be  added  alter- 
nately tin  the  proper  portion  of  amalgam  is  procured. 
The  excess  of  mercury  is  then  separated  by  squeezing 
It  through  leather.     The  amalgam  obtained  is  of  a  fine 
silvery  whiteness,  and  dops  not  tarnish  by  keeping.  At 
first  it  is  soft,  but  gradually  ;icquires  hardness*     It  ad- 
heres readily  to  the  surface  ef  glass,  and  converts  it 
into  a  smooth  mirror. 
8ilvcr.        3.  The  amalgam  of  silver  is  made  in  the  same  man« 
ner  as  that  of  gold,  and  \yith  equal  ease.    It  forms  den* 
dritical  crystals,  which,  according  to  thp  Dijon  acadc« 


•  Ann,  de  CSim,  xxv.  iz.— This  wm  doubtlew  owing  to  the  itroag  ct* 
heiiea  which  ciiau  bctw^n  t^e  partklet  of  mercury.  If  yon  lay  m  kift 
miM  of  plttinum  upon  the  surface  of  mercury,  it  linka  directly  oa  afi- 
coont  of  its  weight ;  but  a  small  slip  (a  platinum  wire,  for  iaataace) 
swimt,  being  unable  to  overcome  the  cohesion  of  the  mercury.  How- 
ever, if  you  plunge  it  to  the  bottom,  it  reniains  there  in  cooae^iMoce  of 
its  superior  weight.  If  heat  be  now  applied  to  the  bottom  of  the 
the  wire  comes  again  to  the  surface,  being  buoyed  op  by  the  hot 
to  which  it  lias  begun  to  adhere.  These  ficts  explain  the  teeminf  umnmh 
observed  by  Morveau. 


FAI.LAB1UM.  IW 

odcians,  cootaios  dgKt  parts  of  mercury  and  one  of  sil-  Qn^lV, 
ver.  It  is  of  a  white  colour,  and  is  always  of  a  soft 
coasistence.  Its  specific  gravity  is  greater  than  the 
mean  of  the  two  meuls.  Gellert  has  even  remarked, 
that  when  thrown  into  pure  mercury,  it  sinks  to  the 
Ibottom  of  that  liquid  *•  When  heated  sufficiently,  the 
mercury  is  volatilized,  and  the  silver  remains  behind 
pure«  This  amalgam  is  sometimes  employed,  like  that 
of  gold,  to  cover  the  surfaces  of  the  inferior  metals  with 
^  thin  coat  of  silver. 


r  •» 


SECT.  V. 


OF  FALLADIUM. 


7his  metallic  body,  recently  discovered  by  Dr  WoU 
laston  in  crude  plaiina,  has  given  birth  to  a  very  ex- 
traordinary controversy,  which  is  not  yet  settled. 

In  the  month  of  April  1803,  a  printed  paper  was  par-  Hiitor^ 
tially  circulated  in  London,  announcing,  that  a  new  me- 
tal called  palladium^  or  new  silver^  was  sold  at  M^ 
Forster's,  Gerrard-street.  Several  of  the  properties  of 
he  metal  were  stated  ;  but  the  name  of  the  discoverer, 
apd  every  thmg  which  could  lead  to  the  knowledge 
of  the  substance  from  which  it  was  obtained,  were 


•  Gellm'i  MtMwiii  (»«mii$rj^  144. 
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Boo^  t.  omitted*  This  unusual  mode  of  proeeedinir  led  Mr 
i  y  J  Chenevix  to  suspect  imposition  on  the  p«rt  of  the  dis- 
coverer, and  induced  him  to  undertako  a  verj  labeti* 
ous  set  of  experiments  to  detect  what  he  considered  n 
a  fraud.  The  result  of  his  inquiries  was  poblisbed  k 
the  Philosophical  Transactions  for  1803*  He  ooocfauled 
palladium  to  be  a  compound  of  platinum  tod  mteicarj^ 
He  pointed  out  various  methods  of  uniting  the  two  me* 
tals  together ;  but  could  not  succeed  in  i^ain  decompe* 
sing  them,  or  in  reducing  palladium  to  its  cansdtnentSr 
The  verj  extraordinary  consequences  that  followed  from 
these  experiments  and  assertions  of  Chevenix,  imme* 
diately  attracted  the  attention  of  all  chemists  to  the  sob- 
ject.  Dr  WoUaston  and  Mr  Smithson  Tennant  veij 
soon  announced^  that  thej  considered  Mr  Chenevix  as 
mistaken,  as  his  experiments  in  their  hands  did  not 
succeed.  Dr  Wollaston  informed  him,  that  he  had 
detected  small  quantities  of  palladium  in  crude  pla* 
tina,  and  endeavoured  to  convince  him  that  the  pal- 
ladium in  his  experiments  had  been  derived  from  that 
source.  Mr  Chenevix,  however,  still  persisted  in  his 
original  opinion.  Some  months  after,  a  letter  was  pub- 
lished bj  the  unknown  discoverer,  denying  the  accu- 
racy of  Chenevix*s  experiments,  affirming  that  palladi- 
um cannot  be  made  artificially,  and  offering  a  reward 
of  twenty  guineas  to  any  person  who  could  produce 
twenty  grains  made  either  by  means  of  the  formula  of 
Chenevix  or  any  other.  The  money  was  actually  de- 
posited, but  nobody  appeared  to  lay  daim  to  the  rer 
ward. 

In  France  some  of  Mr  Chenevix's  experiments  were 
repeated  by  Morveau,  who  exhibited  several  of  his  re^ 
tolts  before  the  National  Institute,  and  affirmed  that 
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they  cobcidcd  in  g;eneral  with  thoie  of  the  British  die- 
mist.  But  Fourcroy  and  Vauquelin  investigated  the 
Bobjeci  farther,  and  were  led  to  conclude  that  mercury 
does  not  enter  into  the  tomposTtion  of  palladium. 

In  G«nn»ny  the  itivestigmion  was  taken  up  by  Rose 
and  Gchlen,  and  by  Richier  j  bui  none  of  these  chcmisti 
succeeded  in  forming  palladium  anificially.  Neither 
wei^  the  attempts  of  Trommsdorf  and  Klaproih  atten- 
ded with  belter  success.  My  own  trials  to  obtain  the 
results  of  Chenevix  were  not  more  fortunate. 

This  uniform  failure  led  the  generality  of  cheniisis 
ro  suspend  their  judgment,  and  even  to  suspect  that  Mr 
CliHievix  had  allowed  himself  to  be  deceived.  Thi» 
nuarally  induced  him  to  resume  the  subject,  to  exa. 
mine  vrith  more  precision  the  mutual  aciion  of  platinum 
ftnd  mercury,  and  to  ascertain  the  circumstances  upon 
which  iheir  union  depends.  These  new  experiments 
were  sent  to  the  Royal  Society,  and  read  at  one  of  their 
meetings  in  January  1805.  The  week  following  Dr 
WoUasten  read  a  paper  on  palladium,  vindicating  the 
conduct  of  the  unknown  discoverer,  and  assigning  his 
reasons  for  believing  that  he  had  procured  it  from  crude 
platma.  He  finished,  by  acknowledging  that  he  him- 
self was  the  discoverer;  that  he  bad  separated  it  during 
a  long  continued  series  of  experiments  on  crude  plaiinKi 
and  that  the  occurrence  of  several  anomalous  circum- 
sluices  had  induced  him  to  act  as  he  did,  that  he  might 
bkve  leisure  to  examine  and  explain  the  whole  of  the 
Ithenomena,  before  he  ventured  to  publish  an  account 
of  them  in  his  own  name. 

This  avowal  of  Hr  Woltaston  entirely  destroyed  the 
presumption  which  had  induced  Ghenevix  to  under- 
take his  origioal  experiments  ;  namely,  that  palladiun 
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was  an  artiticial  alloy,  and  that  the  discoverer  had  &iu* 
dulentljr  attempted  to  impose  upon  the  public.  W< 
now  know  that  it  exists  in  crude  platiua,  and  thatDi 
Wollaston  ei traded  it  from  that  mineral.  OfcoDse- 
quence,  since  palladium  exists  in  a  natural  tubstancc, 
since  no  one  has  succeeded  in  decomposing  it,  and  siacc 
all  other  chemists  have  hitherto  failed  in  forming  it  ii- 
tificialljr  by  any  of  the  methods  pointed  out  by  Cheiit* 
vix,  we  arc  under  the  ntcetsiiy  of  considering  it  u  a 
distinct  metal.  Mr  Chenevix  indeed  still  persists  ia 
his  original  opinion,  even  since  he  has  been  informed  of 
the  real  history  of  the  discovery  ;  but  it  cannot  be  ex- 
pected that  others  will  embrace  his  opinion  till  he  suc- 
ceeds in  pointing  out  a  method  by  which  his  experi- 
ments may  be  successfully  repeated.  At  the  same  time 
it  is  but  justice  to  say,  that  even  if  his  conclusions 
should  not  he  verified  to  their  fnlt  extent,  still  the  ex- 
periments of  this  ingenious  chemist  would  be  of  great 
importance,  by  leading  chemists  to  examine  the  mutual 
action  of  the  metals  on  each  other,  and  the  compounds 
which  they  are  capable  of  forming  in  various  circum- 
stances i  investigations  which  may  ultimately  i 
diminish  the  number  of  simple  metals,  which  ! 
present  likely  to  multiply  almost  without  limit. 

I.  Dr  Wollaston  separated  palladium  from  crude  pa^ 
tina  by  the  following  process : 

Dissolve  crude  platina  in  nitro- muriatic  acid,  «nd  in- 
to the  solution,  previously  freed  from  any  excess  of  a. 
cid,  drops  quantity  of  y>/-^wifl/e  of  mercury*.  In  % 
chort  lime  the  liquid  becomes  muddy,  and  a  pale  jeU 
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loA^ish   white  matter  falls  down.      This  precipitalf)    Ch»p.  iv. 
washed,  dried,  and  exposed  to  a  strong  heat,  leaves  a 
white  matter,  which  is  palladium'.     By  heating  itwith 
sulphur  and  borax  it  may  be  obtained  in  the  stale  nf  a 
metallic  button,  which  will  bear  hammering  or  rolling, 

1.  Palladium  thus  obtained  is  a  white  melal,  which,   Piopmiet. 
when  polished,  bears  a  very  close  resemblance  to  pla- 
tinum. 

2.  It  is  taiher  harder  than  wrought  iron.  Its  speci' 
fie  gravity  varies  according  to  the  state  in  which  it  is 
exhibited.  When  completely  fused,  Mr  Chenevis 
found  it  1 1-871 ;  but  some  of  the  pieces  exposed  to  sale 
were  as  low  as  lO-eTJ.  Dr  WoUaslon  states  it  as  va- 
rying from  H*3  to  11-8. 

3.  It  seems  to  be  as  malleable  as  platinum  itself.  It 
possesses  but  little  elasticity,  breaks  with  a  fibrous  frac- 
ture, and  appears  of  a  crystalliud  texture. 

4.  It  is  not  altered  by  exposure  to  the  air.  It  re- 
quires a  very  violent  heat  to  fuse  it.  Mr  Chenevis 
succeeded  in  melting  it,  but  was  not  in  possession  of  the 
meant  of  estimating  the  temperature. 

II.  When  strongly  healed  its  surface  assumes  a  blue  Otide*. 
colour  i  but  by  increasing  the  temperature  the  original 
histre  is  again  restored.  This  blue  colour  is  doubtless 
a  commencement  of  oxidiiemeni ;  but  neither  the  pro- 
perties of  the  oxides  of  this  metal,  nor  the  proportion  oi 
oxygen  wiih  which  it  combines,  have  been  ascertained. 

When  Sulphuric  acid'is  boiled  upon  palladium,  it  ac- 
quires a  fine  red  colour,  and  dissolves  a  portion  of  ihc 
metal.  Nitric  acid  acts  ralher  more  pawcrfuUy,  and 
fonni  with  it  a  beautiful  red-coloured  solution.     Mu- 
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riatic  acid  acts  itpon  it  also  at  a  boiUi^  beaV  <^  W« 
comes  of  a  fine  red  }  bat  Qitro-moriatic.  acid  diaaolves 
it  readiljy  and  with  Tiolence,  with^m  the  amslance  of 
heat,  and  forms  a  beautiful  red  solutioa*  Whaa  pot* 
ash  or  lime  water  is  dropt  into  these  solutions,  the  ox- 
ide of  palladium  is  precipitated  of  i^  fiao  onmge  colour, 
not  io  K"pure  slate^  but  in  combipatwi  witii  m  portioa 
of  the  dissolving  acid  and  the  precipitating  substances. 

III.  The  effect  of  hjdrogen  upon  paUadina  ba^  not 
been  tried.  Chenevix  melted  the  metal  in  a  charcoal 
crucible,  but  it  was  not  in  the  least  altered. 

Salplnntt.  Palladium  unites  rtrj  readilj  to  sulphur.  WheA  it 
is  strongly  heated,  the  addition  of  a  little  sidphur  caiissf 
it  to  run  into  fusion  immediate^,  and  the  aulphmtt 
continues  in  a  liquid  state  till  it  be  onlj  obacar^lj  red 
hot.  Sulphuret  of  palladium  isi  rather  paler  thaa  the 
pure  metal,  and  is  extremely  brittle.  By  means  of  beat 
and  air,  the  sulphur  may  be  gradually  dissipated,  and 
the  metal  obtained  in  a  state  of  purity. 

IV.  Azote  has  probably  no  effect  upon  it ;  but  mu- 
riatic acid  promotes  its  oxidizement,  and  forms  a  red  so- 
lution with  the  oxide. 

AUoytwith       V.  Mr  Chenevix  alloyed  palladium  with  various 

metals.     The  following  are  the  results  which  he  ob« 

tained. 

G6ld,         !•  **  Equal  parts  of  palladium  and  gold  were  melted 

together  in  a  crucible.     The  colour  of  the  alloy  oh* 

■ 

tained  was  grey :  its  hardness  about  equal  to  that  of 
wrought  iron.  It  yielded  to  the  hammer;  but  waa 
less  ductile  than  each  metal  separate,  and  broke  by  i«* 
peated  percussions.  Its  fracture  was  coarse-grained, 
and  bore  marks  of  crystallization.  Its  specific  gravity 
was  11*079. 
Platloun,        2.  *<  Equal  parts  of  platinum  and  paUadium  entered 


> 
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into  foaion  at  a  heat  not  mach  superior  to  tkat  which  p^^f*  ^^\ 
was  capable  of  fusing  palladium  alone.     In  colour  and    >  -    .  « -^ 
hardness  this  alloj  resembled  the  former ;  but  it  was 
rather  less  malleable.     Its  specific  gravity  I  found  to 

be  15*141. 

3.  "  Palladium  alloyed  with  an  equal  weight  of  sil-  SUver, 
ver,  gave  a  button  of  the  same  colour  as  the  preceding 
alloys.  This  was  harder  than  silver,  but  not  so  hard 
as  wrought  iron ;  and  its  polished  surface  was  some- 
what like  platina,  but  whiter.  Its  specific  gravity  was 
11*200. 

4*  **  The  alloy  of  equal  parts  of  palladium  and  cop-  Copper, 
per  was  a  little  more  yellow  than  any  of  the  preceding 
alloys^  and  broke  more  easily.     It  was  harder  than 
wrought  iron  ;  and,  by  the  file,  assumed  rather  a  lead- 
en  colour.     Specific  gravity  10*392. 

5*  ^  Lead  increases  the  fusibility  ot  palladium.  An  Lead, 
alloy  of  these  metals^  but  in  unknown  proportions,  was 
of  a  grey  colour,  and  its  fracture  was  fine-grained.  It 
was  superior  to  all  the  former  in  hardness,  but  was  ex- 
tremely brittle.  I  found  itii  specific  gravity  to  be 
12*000. 

6.  *'  Equal  parts  of  palladium  and  tin  gave  a  grey-  Tin, 
ish  button,  inferior  in  hardness  to  wrought  iron,  and 
extremely  brittle.     Its  fracture  was  compact  and  fine- 
grained.    Specific  gravity  S'llS. 

7.  *^  With  an  equal  weight  of  bismuth,  palladium  Bismutii, 
gave  a  button  still  more  brittle,  and  nearly  as  hard  as 

steel.  Its  colour  was  grey ;  but  when  reduced  to  pow- 
der it  was  much  darker.  Its  specific  gravity  I  found 
to  be  12*587. 

8.  **  Iron,  when  alloyed  with  palladium,  tends  much   |^  ^ 
to  diminish  its  specific  gravity,  and  renders  it  brittle. 
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JSSiJ*%    AtBenic  increases  the  fusibility  of  palhdiattii  Und  Ai« 
»  ■  ^     it   ders  it  eztremelj  brittle  V 
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X  HIS  metal  has  been  discovered  in  crude  platina  bj 
Dr  WoUastoOy  still  more  recently  than  the  last*  The 
knowledge  of  it  has  enabled  him  to  account  for  the 
anomalous  appearances  which  perplexed  his  experiments 
on  palladium. 

pf^pf^g^  !•  It  may  be  procured  from  crude  plitica  by  the 

<^o^  following  method  of  Wollaston : 

The  platina  was  freed  from  mercury  by  exposure  to 
a  red  heat,  and  from  gold  and  other  impurities  by  di- 
gestion in  a  small  quantity  of  dilute  nitro- muriatic  add. 
It  was  then  treated  with  dilute  nitro-muriatic  aotd  in 
a  moderate  sand  heat^  till  the  acid  was  saturated,  and 
the  whole  was  dissolved,  except  a  shining  black  powder, 
from  which  the  solution  was  separated.  A  solution  of 
sal  ammoniac  in  hot  water  was  poured  into  this  soln- 
tioDi  in  order  to  separate  the  platinum ;  the  greatest  part 


^ 


*  Ste  Chenem't  EHquiriet  miceriuMg  tht  "Nrntrnftf^  Mtimlik  SwkUmm 
taJted  PaUmditim,  PhiL  Trans,  1803;  and  Wolhston*s  Pmper  m  m  Nrm 
Mital  found  in  Crude  Platina,  JhH.  1804.;  and  M  tbi  Ditewtrj  •/  P«tf»- 
diwn,  Ti>id»  1805.    From  thete  all  the  facts  contaiiied  in  this  SccdoQ  ha^ 
been  extracted. 
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of  which  was  precipitated  in  the  form  of  a  yellow  pow-  Ch'P-  '^-^ 
der.  Into  the  solution  thus  freed  from  its  platinum,  a 
pieceof  clear  zinc  was  immersed,  and  allowed  to  remain 
till  it  ceased  to  produce  any  farther  effect.  By  the  zinc 
a  blacis  powdfr  was  thrown  do*n,  which  was  washed 
and  treated  with  very  dilute  nitric  acid  in  a  gentle  heal, 
in  order  to  dissolve  some  copper  and  lead  with  which 
it  was  contaminated.  It  was  then  washed  and  digested 
ia  dilute  nitro- muriatic  acid  till  the  greater  part  was 
dissolved.  To  this  solution  some  common  salt  was 
added.  The  whole  was  then  genily  evaporated  to  dry- 
ness, and  the  residuum  washed  repeatedly  with  small 
quantities  of  alcohol  till  it  came  off  nearly  coloarless. 
By  this  means  two  metallic  oxides  are  washed  off  iit 
eocnbination  with  common  salt,  namely,  the  oitides  of 
platinum  and  palladium.  There  remained  behind  » 
deep  red-coloured  substance,  consisting  of  the  oside  of 
Thodium  united  to  common  salt.  By  solution  in  water 
and  gradual  evaporation,  it  forms  rhomboidal  crystals 
of  a  deep  red  colour,  whose  acute  angles  are  about  75°. 
When  these  crystals  are  dissolved  in  water,  and  a  plate 
of  zinc  immersed  in  the  solution,  a  black  powder  pre- 
cipitates ;  which  being  strongly  heated  with  borax  be- 
comes  while,  and  assumes  a  metallic  lustre.  In  this 
state  it  is  rhodium.  From  Wotlaston's  analysis  it  fol- 
lows,  that  crude  platina  contains  about  otic  part  in- 250 
of  rhodium. 

1.  Rhodium  thus  obtained  is  of  a  white  colour.     Its   ] 
specilic  gravity  seems  to  exceed  II  somewhat.    No  de- 
gree of  heat  hitherto  appHrd  is  capable  of  fusing  ii. 
W«  do  Rot  know,  therefore,  whether  it  he  malleable  i 
but  as  it  forms  malleable  alloys  with  the  other  metaliy 

_  y*i.  I.  N 
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Book  T.      it  i,  probable  that  it  would  not  be  destitute  of  mallea- 
<    ■■\/     *>   bilitj  if  it  could  be  fused  into  a  button. 
Osidet.  II.  This  metal  does  not  seem  to  be  oxidized  bj  ex- 

posure to  air^  even  though  assisted  bjr  heat ;  neither  is 
it  much  acted  upon  by  acids :  but  when  the  red  salt, 
consisung  of  the  oxide  of  rhodium  and  conunoii  salt,  is 
dissolved  in  water,  potash  throws  down  the  xnctal  in  the 
state  of  a  yellow -coloured  oxide. 

Neither  sal  ammoniac  nor  prussiate  of  potash  occa- 
sion any  precipitate  when  dropt  into  this  solution. 
This  readily  distinguishes  rhodium  from  platinuaLtnd 
palladium. 

The  solution  of  this  oxide  of  rhodium  in  muriatic 
acid,  upon  being  evaporated,  did  not  crystallize :  the 
residuum  was  soluble  in  alcohol,  and  of  a  rose  colour* 
Sal  ammoniac,  nitre,  or  common  salt,  caused  no  preci- 
pitation from  die  muriatic  solution,  but  formed  triple 
salts,  which  were  not  soluble  in  alcohol. 

The  solution  in  nitric  acid  also  did  not  crystallize. 
A  drop  of  this  solution,  being  placed  upon  pure  silver, 
occasioned  no  stain.  On  the  surface  of  mercury  a  me- 
tallic film  was  precipitated,  but  did  not  appear  to  amal- 
gamate. The  metal  was  also  precipitated  by  copper 
and  other  metals,  as  might  be  presumed  from  the  usual 
order  of  their  affinities  for  acids. 

III.  Rhodium  unites  readily  with  sulphur,  and,  like 
palladium,  is  rendered  fusible  by  it ;  so  aho  is  it  with 
arsfnic.  The  arsenic  or  sulphur  may  be  expelled  by 
means  of  heat ;  but  the  metallic  button  obtained  does 
not  become  malleable. 
Alloyi.  IV.  The  following  are  the  result  of  the  experiments 

made  by  Dr  WoUaston  to  alloy  rhodium  with   other 
metals. 


RffoDium.  109 

1.  **  It  unites  readily  with  all  metals  that  have  been    j^^^j^.\ 
tried,  excepting  mercury ;  and  with  gold  or  silver  it 
forms  very  pialleable  alloy s,  that  are  not  oxidated  by  a 
high  degree  of  heat,  but  become  incrusted  with  a  black 
oxide  whien  very  slowly  cooled* 

**  When  four  parts  of  gold  are  united  with  one  of 
rhodium,  although  the  alloy  may  assume  a  rounde'd 
form  under  the  blow- pipe,  yet  it  seems  to  be  more  in 
the  state  of  an  amalgam  than  in  complete  fusion. 

**  When  six  parts  of  gold  are  alloyed  with  one  of 
rhodium,  the  compound  may  be  perfectly  fused,  but 
requires  far  more  heat  than  fine  gold.  There  is  no 
circumstance  in  which  rhodium  differs  more  from  pla^ 
tina  than  in  the  colour  of  this  alloy,  which  might  be 
taken  for  fine  gold  by  any  one  who  is  not  very  much 
accustomed  to  discriminate  the  different  qualities  of  gold. 
On  the  contrary,  the  colour  of  an  alloy  containing  the 
same  proportion  of  platina,  differs  but  little  from  that 
of  platina.  This  was  originally  observed  by  Dr  Lewis* 
'  The  colour  was  still  so  dull  and  pale,  that  the  com- 
pound (5  to  l)  could  scarcely  be  judged  by  the  eye  to 
contain  any  gold*.' 

**  I  find  that  palladium  resembles  platina,  in  this  pro- 
perty of  destroying  the  colour  of  a  large  quantity  of 
gold.  When  one  part  of  palladium  is  united  to  six  of 
gold,  the  alloy  is  nearly  white. 

**  When  I  endeavoured  to  dissolve  an  alloy  of  silver 
or  of  gold  with  rhodium,  the  rhodium  remained  uou* 
touched  by  either  nitric  or  nitro-muriatic  acids ;  and 
when  rhodium  had  been  fused  with  arsenic  or  with 


•  Lewis's  PM,  Cm*  p.  5s6« 
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Book  L  sulphur,  or  when  merely  heated  bj  itself,  it  was  re* 
duced  ta  the  same  state  of  insolubilit/.  But  when  oor 
part  of  rhodium  had  been  fiised  with  three  parts  of  bis- 
muth, of  copper,  or  of  lead,  each  of  these  alloTS  could 
be  dissolved  completelj  in  a  mixture  of  two  parts,  by 
measure,  of  muriatic  acid  with  one  of  nitric*  With 
the  two  former  metals,  the  proportion  of  the  acids  to 
each  other  seemed  not  to  be  of  so  much  consequcnoe  as 
with  lead ;  but  the  lead  appeared  on  another  acoooat 
preferable,  as  ic  was  most  easily  separated  when  re- 
duced to  an  insoluble  muriate  by  evaporation.  The 
muriate  of  rhodium  had  then  the  same  colour  and  pro- 
perties as  when  formed  from  the  yellow  oxide  predft* 
tated  from  the  original  salt*." 


SECT,  VII. 


OF     IRIDIUM. 


History.  J.  his  metal  was  discovered  by  Mr  Smithson  Tennant 
in  1^03;  but  before  he  communicated  the  result  of  his 
experiments,  a  dissertation  was  published  on  it  by  Des- 
cotils  in  the  Anncdes  de  Cbimie,  who  had  made  the  same. 
discovery ;  and  the  subject  was  afterwards  prosecuted 
more  in  detail  by  Vauquelin  and  Fourcroy. 

When  crude  platina  is  dissolved  in  nitro-muriatic 


*  See  Dr  WoUatton**  paper  above  quoted,  from  which  tU  the  fact» 
contained  ip  thii  Sectioo  have  beeo  extracted. 


acid,  especiallj  if  ihe  acid  be  dilute,  and  only  a  mode- 
rate heat  applied,  there  remains  behind  a  quanlitjr  of 
black  shining  powder  in  small  scales,  which  preceding 
cbemists  had  mistaken  for  black  lead.  Mr  Tennaht  e:ca- 
caioed  these  scales,  found  their  specific  gravity  to  be  lO'", 
and  that  they  consisted  of  two  unknown  metals  united 
together.  The  first  of  these  ineials  he  called  iridium, 
from  ihe  variety  of  coloms  which  its  solutions  exhibit; 
to  the  second  he  gave  the  name  of  oimium,  from  the 
peculiar  smell  by  which  its  oxides  are  distinguished. 

Dr  WoUaston  discovered,  that  in  crude  platina  there 
exists  another  substance  very  similar  to  the  grains  of 
platina  in  appearance,  but  differing  altogether  in  its 
properties.  It  consists  of  fiat  white  grains,  often  dis- 
tinctly foliated.  They  are  not  soluble  in  any  acid,  and 
their  specific  gravity  is  no  less  than  1B"25,  which  ii 
higher  than  that  of  any  other  mineral  ;  the  grains  of 
platina  by  the  trials  of  this  accurate  chemist  not  ex- 
ceeding IT5.  These  metallic  grains  are  separated 
■when  the  platina  is  dissolved  in  nitro- muriatic  acid. 
Dr  Wollasion  has  ascertained  them  to  be  a  compound 
of  iridium  and  osmium.  They  are  therefore  of  the 
same  nature  with  ibe  black  ponder  examined  by  Mr 
Tennant. 

To  separate  the  two  metals  from  each  other,  the  j 
black  powder  is  to  be  heated  to  redness  in  a  silver  cru-  ' 
cible  with  its  own  weight  of  potash,  and  kept  in  that 
state  for  some  time.  The  potash  is  rhen  to  be  dissolved 
off  by  water.  A  solution  is  obtained  of  deep  orange 
colour.  The  portion  of  powder  that  remains  undis- 
-solved  is  to  be  digested  in  muriatic  acid.  The  acid 
liecomes  first  blue,  then  olive  green,  and  lastlj'  deep 
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red.  The  residual  powder  which  has  resist^  Ae 
action  of  these  agents,  is  to  be  treated  altematelj  with 
potash  aod  muriatic  acid,  till  the  whole  of  it  is  dissol- 
ved. By  this  process  two  solutions  are  obtained :  firsl^ 
the  alkaline  solution  of  a  deep  orange  colour,  which 
consists  chiefly  of  the  potash  united  to  the  oxide  of  os- 
mium i  second,  the  acid  solution  of  a  deep  red,  which 
consists  chiefly  of  the  muriatic  acid  united  to  the  oxide 
of  iridium* 

I.  By  evaporating  this  last  solution  to  dryness  dis- 
solving the  residuum  in  water,  and  evaporating  again,  j 
octahedral  crystals  are  obtained,  consisting  of  muriatic 
acid  united  to  oxide  of  iridium.  These  crystals  being 
dissolved  in  water,  give  a  deep  red  solution,  front 
which  the  iridium  may  be  precipitated  in  the  state  of  a 
black  powder  by  putting  into  the  liquid  a  plate  of  zbc 
or  iron,  or  indeed  any  metal,  except  gold  and  platinum. 
When  heat  is  applied  to  this  powder  it  becomes  white, 
and  assumes  the  metallic  lustre.  In  this  state  it  is  pore 
iridium.  The  metal  may  be  obtained  also  by  expo- 
sing the  octahedral  crystals  to  a  strong  heat. 

It  has  the  appearance  of  platinum,  and  seems  to  re- 
sist the  action  of  heat  at  least  as  strongly  as  that  metal : 
for  neither  the  French  chemists  nor  Mr  Tennant  were 
able  to  fu&e  it.  Vauquelin  considers  it  as  brittle,  and 
as  even  occasioning  the  brittleness  of  platinum  ;  but  is 
it  has  not  been  obtained  in  a  metallic  button,  and  as  it 
forms  malleabJIe  alloys  with  all  metals  tried,  that  pro- 
perty does  not  seem  to  be  sufiiciently  decided. 

It  resists  the  action  of  all  acids,  even  the  nitro-mu- 
riatic  almost  completely  -,  much  more  than  three  hnn* 


dred  parts  beiog  necessary  of  that  acid  to  dissolve  one    Chap.  /, 
of  iridiam  *• 

II.  The  affinity  between  iridium  and  oxygen  seems  Oxidcf. 
to   be  very  weak  ;  but  like  all  other  metals  it  unites 
with  that  principle.     The  phenomena  of  its  solution 

in  muriatic  acid,  indicate  that  it  is  capable  of  uniting 
with  at  least  two  doses  of  oxygen,  and  of  forming  two 
oxides.  The  first  solution  is  a  deep  blue.  In  that  state 
it  seems  to  be  united  to  a  minimum  of  oxygen  ;  by  di* 
luting  the  solution  with  water  it  becomes  green.  By 
digesting  the  blue  solution  in  an  open  vessel,  or  by 
adding  nitric  acid,  it  becomes  dark  red.  In  this 
state  the  metal  appears  to  be  united  to  a  maximum  of 
oxygen. 

Most  of  the  metals  destroy  the  colour  of  these  solu- 
tions by  depriving  the  iridium  of  its  oxygen,  and 
throwing  it  down  in  the  metallic  state.  The  infusion 
of  galls  and  the  prussiate  of  potash  likewise  destroy 
the  colour,  but  occasion  no  precipitate.  The  alkalies 
precipitate  the  oxide  of  iridium,  but  retain  a  portion  of 
it  in  solution. 

III.  The  simple  combustibles  seem  to  have  little  ac- 
tion on  iridium.  Mr  Tennant  did  not  succeed  in  his 
attempts  to  unite  it  with  sulphur. 

IV.  The  following  are  the  results  of  Mr  Tennant^s 
experiments  to  alloy  iridium  with  the  metals  : 

'*  It  does  not  combine  with  arsenic.      Lead  easily  Alloyt. 
unites  with  it :  but  is  separated  by  cupellation,  leaving 
the  iridium  upon  the  cupel  as  a  coarse  black  powder. 
Copper  forms  with  it  a  very  malleable  alloy,  which. 


*  Fourcrof  and  VaQqaelin»  Ann,  Je  Ciim,  L  2^, 
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l^o^T.  tfi^r  cupelUtlon  with  the  addition  of  lead,  left  a  smaD 
proportion  of  the  iridium,  but  much  less  than  in  tht 
former  case.  Silver  may  be  united  with  it,  and  the 
compound  remains  perfectly  malleable.  The  iridiom 
^  was  not  separated  from  it  by  cppellation,  but  occaaioQcd 
on  the  surface  a  dark  and  tarnished  hue.  It  appeared 
not  to  be  perfectly  combined  with  the  silver,  but  merely 
diffused  through  the  substance  of  it  in  the  state  of  a 
fine  powder.  Gold  alloyed  with  iridium  ia  not  freed 
from  it  by  cupellation,  nor  by  quartatioD  with  silver. 
The  compound  was  malleable,  and  did  not  differ  much 
in  colour  from  pure  gold ;  though  the  proportion  of  al* 
loy  was  very  considerable.  If  the  gold  or  silver  it 
dissolved,  the  iridium  is  left  in  the  form  of  a  blad( 
powder*." 


4. 


SECT.  VIII. 


OF    OSMIUM. 


Diio^wrf .  For  the  discovery  of  this  very  singular  metallic  sub- 
stance, we  are  indebted  to  Mr  Tennant ;  Fourcroy  and 
Vauquelin,  indeed,  observed  some    of  its  most  re- 


•  The  whole  of  tht  prepertiet  of  iridiam  detcrihed  in  this  Section 
have  been  taken  from  Mr  Tcnnint*t  paper  on  Tw*  Metahfitmi  in  He 
P9V)itr  remaimimg  after  the  SJmtiM  rf  PUttma,  PkU.  Trstu,  XS04.     De^ 

cotilt  did  not  aucceed  in  obtainbg  it  in  a  aeparate  ttite ;  Imt  be  diowcd 


OSMIUM. 

markable  properties,  but  tliey  confounded  it  with  in-    Ch»p.  iv. 
dium. 

Osmium  is  separated  from  iridium  by  the  process 
described  iu  the  last  Section,  and  obtained  in  the  al- 
kaline solution,  lo  which  il  eomraunicatcs  a  yellow 
colour.  When  the  alkaline  solution  is  first  formed,  » 
pungent  and  peculiar  smell  is  perceived,  which  Four- 
croy  and  Vauquelin  compare  to  that  of  oxymuriatic 
acid.  As  thissmell  constitutes  one  of  ihe  most  re  mark- 
1  able  properties  of  the  metallic  oxide,  Mr  Tennaat  was 
induced  by  il  to  call  the  metal  osmium. 

I.  To  obtain  the  oxide  in  a  separate  stale,  we  have  How  ob. 
only  to  mix  sulphuric  acid  with  the  alkaline  solution, 
and  distil  with  a  moderate  heal.  A  colourless  liquid 
comes  over,  consisting  of  the  oxide  dissolved  in  water. 
This  liquid  has  a  sweetish  taste  and  a  strong  smell.  It 
does  not  give  a  red  colour  to  vegetable  blues. 

The  oxide  of  osmium  may  be  obtained  also  in  a 
more  concentrated  state  by  distilling  the  black  powder 
from  crude  plaiina  with  nitre.  With  a  degree  of  heat 
under  redness,  there  sublimes  into  the  neck  of  the  retort 
a  fluid  apparently  oily,  but  which  on  cooling  concretes 
into  a  solid  semi-transparent  mass,  soluble  in  water  i 
and  the  solution  exhibits  the  same  properties  as  that 
obtained  by  the  preceding  process. 

Wheu  mercury  is  shaken  in  either  of  these  solutions. 


that  the  red  colour  which  ihe  preclpiotes  of  plali 
ii<nriiig  lo  the  pretence  of  iridium.  See  hii  paper,  A*n.  it  Clim,  ilviii. 
J53.  Fonreroj  ud  Vauquelin  confounded  together  the  propertiet 
of  atnuam  lad  iridiuni,  aicribing  both  <o  one  melal ;  to  which  they  ha*< 
mta  Ibc  Mine  tdftm.    See  .itm,  Ji  aim.  lUi.  177.  and  1. 5. 
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^^  '•      tbey  lose  their  peculiar  smell ;  uui  the  osmium,  reduced 

-  to  the  metallic  state,  forms  an  amalgam  with  the  mcr« 
cury.  By  distilling  the  mercury  from  this  amalgam, 
the  osmium  remains  in  a  state  of  purity. 
Pirofertiet.  It  has  a  dark  grey  or  blue  colour,  and  the  metallic 
lustre.  When  heated  in  the  open  air,  it  evaporates  with 
the  usual  smell;  but  inclose  vessels,  when  the  oxidixe- 
.^  mentis  prevented,  it  does  not  appear  in  the  least  vo- 

latile. 

When  subjected  to  a  stfong  white  heat  in  m  char* 
coal  crucible,  it  didiiot  melt  nor  undergo  any  apparent 
alteration. 

It  is  not  acted  upon  by  any  acid,  not  even  the  nitro- 
muriatic,  after  exposure  to  heat ;  but  when  heated  with 
potash  it  combines  with  that  alkali,  and  forms  with  it 
an  orange  yellow  solution. 

II.  The  facility  with  which  osmium  is  oxidixed 
when  heated  in  the  open  air,  or  when  fused  with  pot- 
ash, though  it  resists  the  action  of  acids,  forms  one  of 
the  singular  characters  of  this  metal.  In  these  respects 
osmium  differs  from  all  other  metallic  bodies. 

The  great  volatility  of  this  oxide,  its  peculiar  smell, 
its  solubility  in  water,  its  sweet  taste,  and  the  yellow 
colour  which  it  assumes  with  potash,  are  not  less  ano- 
malous. 

Its  solution  stains  the  skin  of  a  dark  colour,  which 
cannot  be  effaced.  The  infusion  of  galls  immediately 
produces  a  purple  colour,  becoming  soon  after  of  a  deep 
vivid  blue.  By  this  means  a  mixture  of  iridium  and 
osmium  may  be  easily  detected.  The  solution  of  in* 
dium  is  not  apparently  altered  by  being  mixed  with 
the  oxide  of  osmium ;  but  on  adding  an  infusion  o£ 
galls,  the  red  colour  of  the  first  is  instantly  taken  awnj. 
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>on  after  the  purple  and  blue  colour  of  the  latter    ^^  >^- 

rs. 

len  alcohol  or  ether  is  mixed  with  the  solution  of 

of  osmium  in  water,  the  colour  becomes  dark, 
side  is  reduced,  and  the  osmium  precipitates  in 
£lms. 

s  oxide  appears  to  part  with  its  oxjgen  to  all  the 
k  excepting  gold  and  platinum.  Silver  being  kept 
^lution  of  it  for  some  time,  acquires  a  black  co* 
but  does  not  entirely  deprive  it  of  smell.  Cop- 
in,  zinc,  and  phosphorus,  quickly  produce  a  black 
J  powder,  and  deprive  the  solution  of  all  smell, 
f  the  power  of  turning  galls  of  a  blue  colour. 
)lack  powder,  which  consists  of  the  osmium  in  a 
ic  state  and  the  oxide  of  the  metal  employed  to 
itate  it,  may  be  dissolved  in  nitro-muriatic  acid, 
en  becomes  blue  with  infusion  of  galls. 

The  action  of  the  simple  combustibles  on  os- 
has  not  been  tried. 

.  Neither  do  we  know  much  of  its  combination  Alloys 
netals.  It  amalgamates  with  mercury.  Heated 
::opper  and  with  gold  in  a  charcoal  crucible,  it 
I  with  each  of  these  metals,  forming  alloys  which 
^oite  malleable.  These  compounds  were  easily 
ired  in  nitro-muriatic  acid,  and,  by  distillation, 
:d   the  oxide   of  osmium  with  the  usual  pro- 


1  die  facts  in  this  Section  were  ascertained  by  Mr  Tennant.  It 
oasible  to  use  the  expcrimentsof  the  French  chemists,  because  they 
lioonded  iridium  and  osmium. 


t04       ^  iIA|XZA9X.E  mtTALS. 


,  Bookl. 


SECT.  IX. 


orcorrEA. 

!•  If  we  except  gold  and  silver,  copper  teems  to  btvt 
iieeii  more  early  known  than  any  other  metal*     In  die 
ftrst  ages  of  the  world,  before  the  method  of  working 
iron  was  discovered,  copper  was  the  principal  ii^te- 
dient  in  all  domestic  utenuls  and  instruments  of  war. 
Even  daring  the  Trojan  war,  as  we  learn  from  Homer, 
the  combatants  had  no  other  armonr  but  what  was 
made  of  bronze,  vrtiidh  is  a  mixture  of  copper  and  tm 
The  word  copper  is  derived  from  the  island  of  Cypni^ 
where  it  was  first  discovered,  or  at  least  wrought  to  any 
extent,  by  the  Grerfcs. 
Froacftkt         ^*  '^^^'  metal  is  of  a  fine  red  colour,  and  has  a  great 
«ffc0ppcr.     deal  of  brilliancy.     Its  taste  is  styptic  and  nauseous; 
and  the  hands,  when  rubbed  for  some  time'  on  it,  ac- 
quire a  peculiar  and  disagreeable  odour. 

2.  Its  hardness  is  7*5.  Its  specific  gravity  varies 
according  to  its  state.  Lewis  found  the  specific  gravi* 
ty  of  the  finest  copper  he  could  procure  8*830^.  Mr 
Hatchett  found  the  finest  granulated  Swedish  copper 


P  Naunan*t  Chmisiry^  p.  6i.    Fahrenheit  had  found  it  {"Sj^. 
Tr4i>x.  1714.  ^.  xxiiii.  p.  114. 


8'895  ".     It  IS  probable  that  the  specimens  which  have     Chap,  IV, 
been  found  of  inferior  gravity  were  not  quite  puret«  ' 

Craostadt  states  the  specific  gravity  of  Japan  copper  at 
9-000. 

3.  Its  maUeability  is  great :  it  may  be  hammered  out 
into  leaves  bo  thin  as  to  be  blown  about  by  the  slight- 
est breeze.  Its  ductility  is  also  considerable.  Its  te- 
nacity is  such  that  a  copper  wire  0-078  inch  in  diame- 
ter is  capable  of  supporting  302*20  lbs,  avoirdupois 
without  breaking  J. 

4.  When  heated  to  the  temperature  of  21°  Wedge- 
wood,  or,  according  to  the  calculation  of  Mortimer  §, 
to  1450°  Fahrenheit,  it  mclis ;  and  if  the  heat  be  in- 
creased, it  evaporates  in  visible  fumes.  While  in  fu- 
lion  it  appears  on  the  surface  of  a  bluish  green,  nearly 
like  that  of  melted  gold  }|.  When  allowed  \a  cool 
slowly,  it  assumes  a  crystalline  forna.  The  Abbe  Moii» 
gez,  to  whom  we  owe  many  valuable  experiments  on 
the  crystallization  of  metals,  obtained  it  in  quadran- 
gular pyramids,  often  inserted  into  one  another. 

II.  Copper  is  not  altered  by  water  :  It  is  incapable 
of  decomposing  it  even  at  a  red  heat,  unless  air  have 
free  access  to  it  at  the  same  time  ;  in  that  case  the  sur- 


•  On  ihc  Ml}!  t/  CM,  p.  50.  It  would  hiTC  bem  hc»icr  had  i( 
WcD  hammered  or  roiled.  Bergman  italea  the  ipetifit  griviiy  of  Swa- 
A\<k  copper  at  ^3143.  Of-^u.  ii.  163. 

f  The  following  are  the  retulti  at  Mr  Hatchell'i  triali : 
Fiiuil  grauulaicft  Swediih  topper.  8'89J 
Do.  Swedish  doiUr  do.  -  -  8-799 
Do.  theet  British  do.  •  •  -  8785 
Fine  gruulatcd  Briliih  do,  -  8-607 
1  SkkcrgEH,  A-.  A  Clim.  m.  9.  f  Piil  Trmu.  llJr.  6;l. 

~lr  Ltvr'u,  Neumaii-t  Ciimiilry,  p.  6  1. 
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fiioe  of  the  meUl  beoames  oxidixnd.  Every  oqe  aesl 
have  remarked,  that  when  water  ia  kept  ia  •  coppv 
▼estel,  a  greea  crust  of  vtrdqritp  aa  it  ia  eaUed»  ia  fimiF 
ed  on  that  part  of  the  vessel  which  is  in  contact  wiA  the 

anrface  of  the  water, 

i 

When  copper  ia  expoaed  to  the  air,  {fiiiarfiMa  ia  gva- 
dually  tarnished ;  it  beeomes  brown,  and'ia  at  laslei^ 
veced  Ivith  a  dark  green  crust.  This  cmst  <winai<»  af 
oaode  of  copper  combined  with  carbonic  acid  gaa-  At 
thetcommon  temperature  of  the  air,  this  oxidis 
of  c6pper  goes  on  but  slowly ;  but  when  a  plate  of 
tal  ia  JMMted  red  hot,  it  is  covered  in  a  few  miqnlcsp 
with  a  crust  of  oxide,  which  separates  spontaneoua^  ia 
small  soales  when  the  plate,  ia  allowed  to  cool.  The 
copper  plate  contracts  considerably  on  coolings  bot  the 
crost  of  oxide  contracts  but  very  little ;  it  ia  tbciefiBie 
broken  to  pieces  and  thrown  dT,  when  the  plate  mr 
tracts  under  it.  Any  quantity  of  this  oxide  aiay  be  oIn 
tained  by  heating  a  plate  of  copper  and  plunging  it  il- 
temately  in  cold  water.  The  scales  fall  down  to  the 
bottom  of  the  water.  When  copper  is  kept  heated  be- 
low redness,  its  surface  gradually  assumes  beautifnllj 
variegated  shades  of  orange,  yellow,  and  blue.  Thin 
plates  of  it  are  used  in  this  state  to  ornament  children's 
toys. 

In  a  violent  heat,  or  when  copper  is  exposed  to  a 
stream  of  oxygen  and  hydrogen  gas,  the  metal  takes 
fire  and  bums  with  great  brilliancy,  emitting  a  lively 
green  light  of  such  intensity  that  the  eye  can  scarcely 
bear  the  glare.     The  product  is  an  oxide  of  copper. 

There  are  two  oxides  of  copper  at  present  known ; 
and  it  does  not  appear  that  the  metal  is  capable  of* be- 
ing exhibited  in  combination  with  more  than  two  doses 


of  oxygen.     The  protoxide  is  found  native  of  a  red  co-    Chap.  W.^ 
lour,  but  when  formed  artificially  it  is  a  &^^ orange}  but 
the  peroxide  is  blacky  thoagh  in  combinatioa  it  assumes 
various  shades  of  blue,  green^  and  brown. 

1.  The  protoxide  of  copper  was  first  observed  by  Protoxide. 
Proust ;  but  We  are  isidebted  to  Mr  Chenevix,  who 
found  it  native  in  Cornwall,  for  the  investigation  of  its 
properties.  It  may  be  prepared  by  mixing  together 
57*5  parts  of  black  oxide  of  copper,  aud  50  parts  of 
copper  reduced  to  a  fine  powder  by  precipitating  it  from 
xnariatic  acid  by  an  iron  plate.  This  mixture  is  to  be 
triturated  in  a  mortar,  and  put  with  muriatic  acid  into 
S'  well- stopped  .phial.  Heat  is  disengaged,  and  almost 
aU  the  copper  is  dissolved.  When  potash  is  dropt  into  « 
this  solution^  the  oxide  of  copper  i$  precipitated  orange. 
But  the  easiest  process  is  to  dissolve  any  quantity  of 
copper  in  muriatic  aqid  by  means  of  heat.  The  green 
liquid  thus  obtained  is  to  be  put  into  a  phifil,  together 
with  some  pieces  of  rolled  copper,  and  the  whole  is  to 
be  corked  up  closely.  The  green  colour  gradually  dis* 
dinars  i  the  liquid  becomes  dark  brown  aod  opaque  ^ 
and  a  number  of  dirty  white  crystals,  like  grains  of 
sand,  are  gradually  deposited.  When  this  liquid,  or 
the  crystals,  are  thrown  into  a  solution  of  potash,  the 
orange  coloured  oxide  precipitates  in  abundance. 

This  oxide  is  composed  of  88'5  parts  of  copper  and 
X\*5  mLjgea'*.  It  attracts  oxygen  with  such  avidity, 
that  it  can  scarcely  be  dried  without  becoming  bluish- 
green,  at  least  on  the  surface ;  but  when  once  dry,  it 
retains  its  colour  pretty  well. 


*  Ckeneuii»  PbU,  Tram,  i8oi,  p.  227. 
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2.  The  peroxide  of  copper  is  easilj  procured  pur^ 
from  the  scales  which  are  formed  npon  the  sur&ce  of 
red  hot  copper.  These  scales  have  a  violet  red  ookor, 
owing  to  the  presence  of  a  little  metallic  copper  vpoa 
their  under  surface ;  but  when  kept  for  some  time  red 
hot  in  an  open  vessel,  they  become  black,  and  are  then 
pure  peroxide  of  copper.  The  same  oxide  may  be  ob* 
tained  by  dissolving  copper  in  sulphuric  or  nitric  addy 
precipitating  by  means  of  potash,  and  then  heating  the 
precipitate  sufficiently  to  drive  off  any  water  which  it 
may  retain. 

The  peroxide  of  copper  is  composed  of  80  parts  of 
copper  and  20  of  oxygen  f.  When  mixed  with  some* 
what  less  than  its  own  weight  of  copper  in  powder,  and 
heated  to  redness,  the  whole  is  converted  into  prot- 
oxide. 

The  oxides  of  copper  are  easily  reduced  to  the  me-( 
tallic  state  when  heated  alteg  with  charcoal,  oils,  or 
other  fatty  bodies ;  and  even  with  some  of  the  metab^ 
especially  zinc. 
UoiM)  with       iji^    Copper  has  never  been  combined  artificially 
bks.  with  hydrogen  or  carbon ;  but  it  combines  readily  with 

sulphur  and  phosphorus,  and  forms  with  them  com« 
pounds  called  sulphur et  znd  phospburet  of  copper* 
Svlphuret.  1.  When  equal  parts  of  sulphur  and  copper  are  stra- 
tified alternately  in  a  crucible,  they  melt  and  combine 
at  a  red  heat.  Sulphuret  of  copper,  thus  obtained,  is  a 
brink  mass,  of  a  black  or  very  deep  blue  grey  colour, 
much«  more  fusible  than  copper,  and  composed,  accord- 
ing to  the  experiments  of  Mr  Proust,  of  78  parts  of 


:s=Sk 


*  Aim,  de  Cbm^  zxzii.  %6. 


•oppet  ftod  2S  of  sulpbnr  ".  The  same  coropoand  may  ^T-  '^- 
be  formed  bj  mtziog  copper  filings  and  sulphur  toge- 
ther, and  making  them  iato  a  paste  with  water,  or  evca 
by  merely  mixing  them  together  without  any  wRter, 
aad  allowing  ihcm  to  remain  a  sul^cient  time  exposed 
to  the  air,  as  I  have  ascertained  by  expetimeni. 

If  eigiiC  parts  by  weight  of  copper  tilings,  mixed 
with  three  parts  of  flowers  of  sulphur,  be  put  into  a 
glass  receiver,  and  placed  upon  burning  coals,  the  mix- 
lure  iirst  melts,  ibcQ  a  kind  of  explosion  takes  place ; 
it  becomes  red  hot ;  and  when  taken  from  the  iire,  con- 
tinues to  glow  for  some  time  like  a  live  coal.  If  we 
now  examine  ii,  we  find  it  convened  into  mlpburct  of 
topper.  This  curious  experiment  was  first  made  by 
the  associated  Dutch  chemists,  Dteman,  Troostwyk, 
Nieuwland,  Bondt,  and  Laurcnburg,  in  iTg^if.  They 
found  that  the  combustion  succeeds  best  when  the  sub- 
stances are  mixed  in  the  proportions  mentioned  above  ) 
(bat  il  succeeds  equally,  however  pure  and  dry  the  sul- 
phur and  copper  be,  and  whatever  air  be  present  in  the 
glass  vessel,  whetlier  common  air,  or  oxygen  gas,  ot 
hydrogen,  or  azotic  gas,  or  even  when  the  receiver  is 
filled  with  water  or  mercury.  This  experiment  ha* 
excited  great  aUention,  aud  has  been  very  often  repeat- 
ed ;  because  it  is  the  only  instance  known  of  apparent 
combustion  without  the  presence  of  oxygen.  The  dif- 
ferent attempts  to  explain  it  will  be  considered  in  a  sue- 
ceeding  ch:ipier. 

2.  Mr  i'roast  has  shown  that  the  sulphuret  of  cop-   Sopmn* 
per  is  capable  of  combiniog  with  an  additional  dose  of  V^'"'^^- 
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D*^*^!.   ^Ip^^^>  ^^  ^^  fonnittg  a  new  compocmcly  which  my 
^-    V      '   be  cdlifd  supersulpburet  of  copper*     It  is  brittle  hu  « 
yenow  dolour,  and  a  metallic  lustre,  and  it  feond  na^ 
tive  abundantly,  being  well  known  to  mineralogists  by 
the  name  of  copper  pyrites  *• 
Photthu-  3.  Mr  Pelletier  formed  pbosphuret  of  copper  hjmtlU 

'^*  ing  together  16  parts  of  copper,  10  parts  of  phosphoric 

glass,  and  one  part  of  charcoal  f  •  M argraf  was  the  first 
person  who  formed  this  phosphuret.  His  method  was 
to  distil  phosphorus  and  oxide  of  copper  together.  It 
is  formed  most  easily  by  projecting  phosphorus  iMo 
red  hot  copper.  It  is  of  a  white  colour  ;  and,  accord- 
ing to  Pelletier,  is  composed  of  20  parts  of  phosphorus 
and  80  of  copper  t*  This  phosphuret  is  harder  than 
iron.  It  is  not  ductile,  and  yet  cannot  easily  be  pulTC* 
rised.  Its  specific  gravity  is  T1220.  It  crystallizes 
in  four-sided  prisms).  It  is  nmch  more  fusible  than 
eoppet.  When  exposed  to  the  air,  it  loses  its  lustre, 
becomes  black,  falls  to  pieces ;  the  copper  is  oxidated, 
and  the  phosphovus  converted  into  phosphoric  acid. 
When  heated  sufficiently,  the  phosphonis  bums,  and 
leaves  the  copper  under  the  form  of  black  scoriae  ((. 

Sage  has  shown  that  this  compound  does  not  easily 
part  with  the  whole  of  its  phosphorus,  though  frequent* 
']y  melted,  but  retains  about  a  twelfth.  In  this  state  it 
may  be  considered  as  a  sub-phosphuret.  It  is  more 
fusible  than  copper,  'and  has  the  hardness,  the  grain. 


*  Jour,  de  Phys.  liii,  95,  f  Ann,  de  Chhm,  i.  74. 

X  Ann.  de  Chim.  xiil.  3.  }  S^g^i  Jour*  de  Phys,  XXZVlii.  468L 


II  Fourcroy,  vl  152. 
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tnd  the  colour  of  steely  and  admits  of  an  equally  fihe    Chap.nr,^ 
polish** 

IV*  Copper  does  not  unite  to  azote*  Mnriatic  acid,' 
when  assisted  by  heaty  converts  it  into  an  oxide^  with 
which  it  enters  into  combination  4 

V.  Copper  is  capable  of  combining  with  most  of  the  AUoyt  witb 
metals ;  and  some  of  its  alloys  are  of  very  great  uti* 
lity. 

1.  The  alloy  of  gold  and  copper  is  easily  formed  Gold. 
by  melting  the  two  metals  together.     This  alloy  is 
much  used,  because  copper  has  the  property  of  increa* 
sing  the  hardness  of  gold  without  injuring  its  colouri 
Indeed  a  little  copper  heightens  the  colour  of  gold  with^ 
out  diminishing  its  ductility.    This  alloy  is  more  fusible 
than  gold,  and  is  therefore  used  as  a  solder  for  that    v 
precious  metal  f.    Copper  increases  likewise  the  hard* 
ness  of  gold.     According  to  Muschenbroeck,  the  hard-* 
ness  of  this  alloy  is  a  maximum  when  it  is  composed 
of  seven  parts  of  gold  and  one  of  copper  f.     Gold  al- 
loyed with  Ath  of  pure  copper  by  Mr  Hatchett,  was  per«i 
fectly  ductile,  and  of  a  fine  yellow  colour,  inclining  to 
red.     Its  specific  gravity  was  17*157.     This  was  Be- 
low the  mean.     Hence  the  metals  had  sufiered  an  ex- 
pansion*   Their  bulk  befiire  union  was  2732^  after 
unign  2708.     So  that  910y  of  gold  and  83y  of  copper 
when  united,  instead  of  occupying  the  space  of  1000, 
as  would  happen  were   there  no  expansion,  become 
1024  J. 

■■■"-'- J  •       ■  ■        ■■      ■-  '"■■■  ■  ■        '  ■*    ■ 

*r  •  .... 

•        .  •'.•■• 

*  Njcholson^s  Jour.  iz.  a68.  f  Watierberg,  i.  i  zo. 

X  Hatchet  on  the  Alloys  ofCold^  p.  66.     The  gold  was  already  al- 
loyed with  i-p6th  of  copper ;  the  cspaoiioD,  had  the  gold  been  pure, 

08 


Otfklcoiiu 


^12  MALLEABLE  UETALS. 

Gold  coin,  sterling  or  standard  gold^  consists  of  part 
gold  alloyed  with  rVtb  of  some  other  metaL  The  metal 
used  is  alWajs  either  copper  or  silver,  or  a  mixture  of 
both,  as  is  most  common  in  British  coin.  Now  il  ap« 
pears  that  when  gold  is  made  standard  bj  a  mixture  of 
equal  weights  of  silver  and  copper,  that  the  expansion 
is  greater  than  when  the  copper  alone  is  used,  though 
the  specific  gravity  of  gold  alloyed  with  silver  diflSers 
but  little  from  the  mean.  The  specific  gravity  of  gold 
alloyed  with  ^th  of  silver  and  V^th  of  copper  was 
17*344.  The  bullc^f  the  metals  before  combination 
was  2700;  after  it  2767  *•    We  learn  from  the  experi- 


woold  have  bf en  'greater.  For  the  specific  gravity  of  an  alloy  of  ri 
gold  and  one  copper,  (nippoaing  the  specific  gravity  of  gold  19*3,  of  co^ 
per  8*9),  ahoold  be  by  calculatbn  17*58.    Ittreal  qpcctfic  gfsnty  is  only 

*  The  first  guineas  coined  were  made  standard  by  silver^  afterward 
copper  was  added  to  make  up  for  the  deficiency  of  the  alloy ;  and  as  the 
proportion  of  the  silver  anfl  copper  varies,  the  specific  gravity  of  ottr'gold 
coin  is  various  also. 

The  specific  gravity  of  gold  made  staodard  by  silver  ts '7^7 

copper     »ri57 

silver  and  copper  17*344 
The  following  trials  made  by  Mr  Katchett,  will  show  the  specie  gra- 
vity of  otfr  coins  in  difierent  reignst 

CuAaias  H.  a  five-guinea  piece     - 
fAnas  II.       a  two-guinea  piece     - 
William  III.  a  five-guinea  piece     • 
GteaoB  I.      r  quarter-guinea 
GioaoK  II,     a  guinea  ... 

■    a  two-guinea  piece    - 


GaoaoK  III.    one  guinea 

■  III  II      oqe  guinea 

I      .    I    '■  oneguiota 


Date. 

Sfedfiegr* 

x68l 

I7*8l5- 

1687 

17-634. 

1701 

i7'7*a 

X718 

16*894. 

X73i 

17-637. 

X740 

I7t4l 

176B 

>7737. 

17^ 

17-655. 

1774 

J  7*74^ 

ments  of  Mr  Hatchctt  that  our  standard  gold  mffcri  less  Chipnr.^ 
from  friciion  than  pure  gold,  or  gold  mnde  stnndard  by 
any  other  meial  besides  silver  and  copper  ;  and  that 
the  stamp  is  not  so  liable  to  be  obliterated  as  in  pure 
gold.  It  therefore  answers  better  for  coin.  A  pound  of 
standard  gold  is  coined  into  44^  guineas. 

2.  Platinom  may  be  alloyed  with  copper  by  fusion,  Pliti""""- 
but  a  strong  heat  is  necessary.  The  alloy  is  ductile, 
hard,  lakes  a  fine  polish,  and  is  not  liable  (o  Mmish. 
,  This  alloy  has  been  employed  with  advantage  for  com* 
posing  the  mirrors  of  reflecting  telescopes.  The  pla^ 
linum  dilutes  the  colour  of  the  copper  very  much,  and  • 
even  destroys  it,  unless  ii  be  used  sparingly.  For  the  ex- 
periments made  upon  it  we  are  indebted  to  Dr  I>ewis  *• 
Strauss  has  lately  proposed  a  method  of  coating  copper 
vessels  with  platinum  instead  of  tin  i  it  consists  in  rub- 
bing an  amalgam  of  platinum  over  the  copper,  and  then 
exposing  it  to  the  proper  heatf . 


fl^. 


ID*  HI.  one  guinea 


Da//. 

Sfwiftf'-"'']- 

>??s 

17-698. 

17J6 

.7-486. 

"777 

I77JO. 

l^il 

17101. 

-       178S 

1746J. 

.        17SS 

'7418. 

•79  J 

ij'7'l. 

liOI 

1 77 JO. 

i8oa 

'7793- 

reiihlUingp 

(CCS,  tebemaJe 

pc«(u..g, 

«,.,.!■=..         - 

^m^^-^,~-  ten  half.guineu 
_— ^— ^—   ij  KVer.-Jiilling  pice 

Q  Suppoiing  guincaa,  half-guineai,  ■ 
froBi  [he  amt  mewl,  there  ii  reawn 
nun  of  each)  111  IncmiK  of  ipecific  gnviry  ir 

natural  canKquencc  of  rullinj,  puuchiDg,  annealing,  bltnching,  miUing, 
mod  Kvnpiog ;  ilweffcen  of  which  mutt  become  mp™ -.■..l-"^  : 
pDrtion  ts  the  number  of  the  uiiill  piecet  required  to 
of  the  larger  coiiia. 

The  arenge  tpecifie  gravitT  nf  our  goU  t 
tniT  probably  be  enimaicil  at  I7'7(4. 

•  Ftilcitfb.  CumnKrn,  p,  fty.  f  NicholKm'i  Jwr 


I,  at  the  ptcKFit  time. 
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>Ma.  .  3.  SUTW'Ueatiljdloyedwithcoppsrbf  fosioD.  The 
^  i^  ■'  ooinponnd  it  harder  and  metre  sonoroiii  duui  nlwr,  and 
^'^^'  retains  its  white  colour  erai  when  the  proportiwi  of 
copper  exceeds  one-half.  The  hardness  i%  «  asanoiMn 
when  the  copper  amoonts  to  one^fifth  of  the  aili7«r.  The 
filvorooiiL  standard  or  sterlmg  silver  of  Britab,  of  which  ooin  b 
madCtis  a  oompound  of  I2y  silver  and  one  eopp^.*  lb 
specific  gravifjr  after  simple  fusion  is  I0^£00  *•  '•  Bj  csl- 
cnlation  it  should  be  10*351*  Henoe  it  follows  thst 
the  alloy  expandsy  as  is  the  case  with  gold  when  uoiled 
to  copper.  The  specific  gravity  of  Paris  standsst  silt 
ver,  composed  of  137  parts  diver  and  seven  copper,  ac- 
cording  to  Brisson,  is  10*1752  ;  but  bj  hammermg,  it 
becomes  as  high  as  10*3755.  The  French  silver  coia, 
at  least  during  the  old  government,  was  not  nenlj  so 
fine,  being  composed  of  201  parts  of  silver  and  27  of 
copper,  or  one  part  of  copper,  alloyed  with  0^  of  silver. 
Its  specific  gravity,  according  to  Qrisson,  was  10*0476 ; 
but  after  being  coined,  it  became  as  high  as  10*4017. 
The  Austrian  silver  coin,  according  to  Wasserberg, 
contains  ^VV  °^  copper  t*     The  silver  coin  of  the  an- 


•  CavaUo*8  Nat*  Phil.  ii.  76.  Dr  Shaw  makes  it  10*535  after  ham- 
mering;,  as  it  appears  from  his  ubie.    Shaw*s  BtyUf  ii.  345. 

f  Wasserberg,  i.  155.  The  following  table  exhibits  the  compoatioo 
of  difierent  European  coins,  according  to  my  experiments. 


AlUyper 
cent. 

the  Copper  helng  i,    • 

British    - 

-     75    - 

- 

-     -     -      12*5 

Dutch     - 

- 

-    8       - 

- 

-  -  -  115 

l^rench    - 

m 

-    9      - 

- 

-    -    -    lai 

Austrian- 

- 

-    9*5    - 

- 

-    -    -      9-5 

Sardinian 

- 

-  rs  - 

- 

-  -    -      9*5 

Spanish   - 

a» 

510*5  - 

• 

COW£K. 

cients  was  nearly  pure,  and  appeirs  not  to  have  beeu   ^W* '' 

mixed  with  alloy.   This  seems  to  be  the  case  also  with 

coins  of  ihe  £asC  Indies  ;  at  least  a  rupee  which  I  ana. 
lyaed  contained  only  -^^  part  of  copper  ;  a  proportion 
so  small  that  it  can  scarcely  be  suppoKd  to  have  been 
added  on  purpose.  A  pound  of  standard  silver  is  coin- 
ed into  62  shillings. 

4.  Mercury  acts  but  feebly  upon  copper,  and  does  not 
dissolve  it  while  cold  ;  but  if  a  small  stream  of  melted 
copper  be  cautiously  poured  into  mercury  heated  near- 
ly to  the  boiling  point,  the  two  melals combine  and  form 
a  soft  white  amalgam*.  Boyle  pointed  out  the  follow- 
ing tnethod,  which  succeeds  very  well :  triturate  to- 
gether two  parts  of  mercury,  2^  parts  of  verdigris,  and 
one  part  of  common  salt,  with  some  acetous  acid,  and 
keep  them  for  some  time  over  a  moderate  iire,  stirring 
them  constantly,  and  supplying  acid  as  it  evaporates  ; 
then  wash  the  amalgam  and  pour  it  into  a  mould  j  it  ^^^ 
is  at  first  nearly  fluid,  but  in  a  few  hours  it  crystallii^es 
and  becomes  quite  solid  f.  This  amalgam  may  be  form- 
ed also  by  keeping  plates  of  copper  in  a  solution  of  mcr- 

Portoguete  .--ii       ......      8 

Daniih  .    -    .    -    n       j'l 

Svin     -    -    -    -    »t       -..--.      3-3 

Rwuu  ...-14        ......       j-fi 

Huiburgh-    --J0       ......      I 

The  fiiM  colunui  of  ihi»  Table  givci  ihi;  wpposed  ptnpnrtinn  of  alloy 
in  too  pattiofiheropcctivecoini  lh«  ttc«t)il  giiro  the  weight  nfilWci 
Eontained  in  each  toiu,  on  the  tuppoiition  that  ihe  weight  of  the  copper 
^rJDi  which  the  dV«r  it  alloynliialwairn.     Nitholson'i /mr.ilT.  4'9- 

^^*  Lews,  ^'™.<.l.■<  fit*,  p.  6j.  1  Shiw'i  B>jl>,  i.  343- 
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easy  in  nitric  aeid.  Hie  plate  it  soon  impiegiMted  with 
mertnrj*  The  amalgitai  of  copper  is  of  a  white  cokwi^ 
and  ao  aoft  at  first  that  it  takes  the  most  ddictiB  mi« 
pressions ;  hot  it  soon  heoomes  harder  when  exposed  Ip 
the  air.  It  is  easily  decomposed  bj  heat  $  the  mercwy 
eraporates,  and  leaTcs  the  eoppev* 

5.  All  that  is  known  respecting  the  oombiBntioo  of 
copper  with  pdhdimD,  rhodiom,  iridiam,  and  osaiuiD^ 
has  been  mentioned  in  the  preceding  Sectiaos. 


"*r 


SECT.  X. 
or  iRov. 

J.  iROV,  the  most  abundant  and  most  oseful  of  all  the 
metals,  was  neither  known  so  earlj,  nor  wrought  so 
easilj,  as  gold,  silver,  and  copper.  For  its  discovery  we 
must  have  recourse  to  the  nations  of  the  East,  among 
whom,  indeed,  almost  all  the  arts  and  sciences  first 
sprung  up.  The  writings  of  Moses  (who  was  bom  a- 
bout  1635  years  before  Christ)  furnish  us  with  the  am- 
plest proof  at  how  early  i^  period  it  was  known  in 
Egypt  and  Phoenicia.  He  mentions  furnaces  for  work- 
ing iron*,  ores  from  which  it  was  extracted j-;  and 
tells  us,  that  swotds  t,  knives  $,  axes  ||,  and  tools  for  cut- 
ting  stones^,  were  then  made  of  that  m«tal«  How 
pnany  ages  before  the  birth  of  Moses  iron  must  have 


•  Deut.  !▼.  so.  f  Ibid.  ▼UL  9.  t  Numb.  xszv.  i^ 

(Letitli;.  |  Dcot.  xtiii.  5.  ^  Ibid,  xxfii.  j^ 


been  discovered  in  these  countries,  wc  may  perhaps 
conceive,  if  we  reflect,  that  the  knowledge  of  iron  was 
brought  over  from  Phrygia  to  Greece  by  the  Dactyli  ", 
Tvbo  settleil  in  Crete  during  the  reign  of  Minosl.  about 
1431  years  before  Chrisi ;  yei  during  the  Trojan  war, 
which  happened  zoo  years  after  that  period,  iron  wa« 
in  saeh  high  estimation,  that  Achilks  proposed  a  ball 
of  it  as  one  of  his  prizes  during  ihe  games  which  he 
celebrated  in  honour  of  Pairoclus.  At  that  period  none 
of  their  weapons  were  formed  of  iron.  Now  if  the 
Greeks  in  200  years  had  made  so  little  progress  in  an 
art  which  ihey  learned  from  others,  bow  long  must  it 
have  taken  the  Egyptians,  Phrygians,  Chalybes,  or 
whatever  nation  first  discovered  the  art  of  working  iron, 
to  have  made  that  progress  in  it  which  we  find  they  had 
done  in  the  days  of  Moses  ? 

1.  Iron  is  of  a  bluish  white  colour  ;  and  when  po-  1 
lished,  has  a  great  deal  of  brilliancy.  It  has  a  styptic  ' 
taste,  and  emits  a  smell  when  rubbed. 

Z,  Its  hardness  is  9.  Its  specific  gravity  varies  from 
T6  to  T8f. 

3.  It  is  attracted  by  the  magnet  or  loadstone,  and  is 
itself  the  substance  which  constitutes  the  loadstone.  But 
when  iron  is  perfectly  pure,  it  retains  the  magnetic  rir> 
tue  for  a  very  short  time. 


•  Kcaiod,  !-•  quoted  by  Pliny,  lib.  viL  c.  ;  :. 

t  Kirwan'i  Ali>i.  ii.  ijj.  DrShin  tatei  the  tpccific  gnviCf  of  iroB 
U  7'645.  Shaw'i  Btjlr,u.2tS-  Bri««'n  »'  7788.  MrHatthrtl  fognd 
•  qiednm)  7';do-  On  the  AUoji  cf  GM,  p  «6.  Swedenburgh  ititet  it  it 
7-817.  Afcording  to  MuKhcnbroeck,  himinercil  iron  Mflfncil  by  beM  1 
af  ib«  ip*tifie  grimily  ;  600  1  the  ume  hammerrd  hot,  btcomei  7^633  j 
ind  ihc  time  bammcrrit  loM,  beconiEt  78  7J.     K'ancTtrrg,  L  16I. 
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4*  It  if  nalleable  ta  eveij  tenperatiire^  and  its  Qudka- 
Ulitj-inctcates  in  proportion  at  die  tcmpemtnre  aag- 
lAenti;  bnt  it  cannot  be  kammered  ont  neaiij  ao  thn 
aa  gold  oraihrer,  or  even  copper.  Its  dnctilttj,  born* 
ever,  ia  more  perfect ;  for  it  maj  be  drawn  ont  into 
wire  as  fine  at  least  as  a  bumaa  hair.  Ita  teanciftf  b 
such,  that  an  iron  wire,  0*07S  of  an  inch  in  diameter,  is 
capble  of  snpporUng  549*25  lbs.  avoirdupoia  withoat 
bfeaking*.     * 

5.'  When  heated  to  about  158''  Wedgewood,  aaSir 
George  M'Kenxte  has  aaoertainedf»  it  melta.  This 
temperature  being  oearlj  the  highest  to  which  it  can  be 
raised,  it  has  been  impossible  to  ascertain  the  point  st 
which  this  melted  metal  begins  to  boil  and  to  eraporafte. 
Neither  has  the  form  of  its  crystals  been  mmminrJ : 
but  it  is  well  known  that  the  texture  of  iroa  ia  fibroos; 
thut  is,  it  iappears  when  broken  to  be  composed  of  a 
imvaber  of  fibres  or  strings  bundled  together* 
ComlmiB?  II,  When  exposed  to  the  air,  its  surface  is  aoon  tar* 
wfgfD.  ntshed,  and  it  is  graduallj  changed  into  a  broWn  or  yel- 
low powder,  well  known  under  the  name  of  rmrt.  This 
cJiange  takes  place  more  rapidly  if  the  atmosphere  be 
aM>ist.  It  is  occasioned  by  the  gradual  combinatiQa  of 
4he  iron  with  the  oxygen  of  the  atmosphere,  for  which 
it  has  a  very  strong  aflinity. 
Decompo-  i.  When  iron  filings  are  kept  in  water,  provided  the 

temperature  be  not  under  70^,  they  are  gradually  con- 
verted into  a  black  powder,  while  a  quantity  of  hydro- 
igen  gas  is  emitted.  This  is  occasioned  by  the  slow 
decomposition  of  the  water.  The  iron  combines  with  its 
oxygen,  while  the  hydrogen  makes  its  escape  under  the 


*  Sicktngen,  Aw.  dt  CHm.  zit.  9.       f  NicholfOix*t  4to  Jmrr.  it.  109. 


form  of  gas*.  If  the  water  be  made  to  boil,  it  is  3e-  Chtp.  IV. 
composed  much  more  speedily.  Verj  perceptible  bub- 
bles of  hydrogen  gas  rise  from  the  iron,  and  may  be 
collected  at  the  top  of  the  vessel.  This  experiment 
may  be  made  in  a  glass  retort*  The  iron  filings  are  to 
be  put  in  first,  and  then  the  retort  is  to  be  completely 
filled  with  water,  and  its  beak  plunged  into  an  opeii 
vessel,  of  water.  The  retort  is  then  to  be  made  to  bgil 
by  applying  under  it  a  lamp. 

If  the  steam  of  water  be  made  to  pass  through  a  red 
hot  iron  tube,  it  is  decomposed  instantly.  The  oxygen 
combines  with  the  iron,  and  the  hydrogen  gas  passes 
through  the  tube,  and  may  be  collected  in  proper  ves* 
^els.  This  is  one  of  the  easiest  methods  of  procuring 
pure  hydrogen  gasf  • 

2«  These  facts  are  sufficient  to  show  that  iron  has  a  Comlniiu 
strong  affinity  for  oxygen,  since  it  is  capable  of  taking  '^^ 
it  from  air  and  water.  It  is  capable  also  of  taking  fire 
•nd  burning  with  great  rapidity.  Twist  a  small  iron 
vire  into  the  form  of  a  cork-screw,  by  rolling  it  round 
a  cylinder  ;  fix  one  end  of  it  into  a  cork,  and  attach  to 
the  other  a  small  bit  of  cotton  thread  dipt  in  melted 
tallow.  Set  fire  to  the  cotton,  and  plunge  it  while 
burning  into  a  jar  filled  with  oxygen  gas.  The  wire 
catches  fire  from  the  cotton  and  bums  wiith  great  bril- 
iiancy^  emitting  very  vivid  sparks  jn  all  directions^. 
!tor  this  very  splendid  experiment  we  are  indebted  to 
jDr  Ingenhousz.*  During  this  combustion  the  iron  com- 
bines with  oxygen,  and  is  converted  into  an  oxide. 


*  Thk  £ict  was  known  to  Bergman  (Ofiwc,  iil  95.)  and  to  Scheele 
(m  Fin,  p.  i8a) ;  bat  it  was  first  explained  by  Lavoi«er. 
f  ^Liivoiiieraiid  Memnier,  Mm,  Pmt,  1781,  p.  169. 


The  number  of  oxides  which  iron  is  etpoUe  of 
fbrosiog  has  not  yet  been  ascertained  in  a  sattsifacloiy 
aianoer.  Pronst  has  proved  that  there  are  two  Tcrj 
well  characterised;  iht  Jirst  baring  nsaally  a  Uack 
colottr,  the  seewtd,  considered  at  present  as  the  peroxide^ 
having  a  red  colour*  Thenard  has  eodeivoured  to  prove 
that  there  are  three  oxides  of  iron,  which  he  dis^ 
gl^ishes  bj  the  epithets  tuUfr,  grimf  and  rtd^.  Bnt 
the  difference  between  his  iSrst  and  second  oxides^  as 
£sr  as  he  has  pointed  it  out,  is  not  soflkient  to  charac- 
terise each  as  containing  a  pecoliar  quantity  of  oxjrgca. 
Accordingly,  his  opinion  has  i>een  called  in  qoesdoa 
by  Mr  Darso,  who  has  eodeavonred  to  prove^  that  the 
gran  colour  of  Theaard*s  second  oxide  is  owing  to  tBe 
presence  of  hydrogen,  while  he  insinuates  that  the  sup* 
posed  wbiit  oxide  always  retains  a  portion  of  acid,  aad 
owes  its  colour  to  that  acidf  •  Though  Mr  Darao'k 
experiinents  are  not  snflkiently  decisive  to  establish  his 
own  opinion,  they  serve  to  shake  our  confidence  in  the 
conclusions  of  Thenard,  which  cannot  be  admitted  till 
they  be  supported  by  more  exact  experiments  than 
those  which  he  has  adduced* 
Blick  08-  3«  The  black  oxide  of  iron  may  be  obtained  by  four 
^  different  processes :  1.  By  keeping  iron  filings  a  snfli* 

cient  time  in  water  at  the  temperature  of  70^.  The 
oxide  thus  formed  is  a  black  powder,  formerly  mudi 
used  in  medicine  under  the  nmtntot  martial  eibkft,  and 
i^ems  to  have  been  first  examined  by  Lemeri|.    3.  By 


*  Amm.  it  Chhm,  M.  59.  f  NkKolion*8  Jottr.  zrii.  168. 

f  TIm  bett  proceM  U  that  of  De  Roorer.  He  eipotet  a  paace  fonned 
of  ironfilingt  and  water  to  the  optn  air  m  a  ttoneware  vetiel ;  thc^m^ 
beoooiea  hoe,  and  the  water  ditappeaiHf    It  i|  tbca  maktciied  agaia,  Mtd 


making  steam  pass  through  a  red  hoi  iron  lube.  The  Chup-iv 
iron  is  changed  into  a  brilliant  black  brittle  substance, 
which  when  pounded  assumes  the  appearance  of  martial 
etbiops.  This  esperimenc  was  first  made  by  Lavoisier*. 
3,  By  burning  iron  wire  in  oxygen  gas.  The  wire  a> 
it  burns  is  melted,  and  falls  in  drops  to  the  bottom  of 
the  vessel,  which  frngbt  to  be  covered  with  water,  and 
to  be  of  copper.  These  metallic  drops  are  biiitle,  very 
hard,  and  blackish,  but  retain  the  metallic  luslre.  They 
were  examined  by  Lavoisier,  and  found  precisely  the 
same  witli  manial  ethiopsf.  Tbey  owe  iheir  lustre  to 
the  fiision  which  they  underwent.  4.  By  dissolving 
iroD  in  sulphuric  acid,  and  pouring  potash  into  the  so- 
lution. A  green  powder  falls  to  the  bottom,  which  as- 
sumes the  appearance  of  martial  etiiiops  when  dried 
quickly  in  close  vesiels.  This  oxide  of  iron,  however 
lormed,  is  always  composed  of  13  parts  of  iron  and  21 
of  oiQ'gen,  as  Lavoisier  and  Proust  have  demonstrated  J. 
It  is  attracted  by  the  magnei,  and  is  often  itself  mag. 
oetic|.  It  is  capable  of  crystallising,  and  is  often  . 
native  in  that  state. 

4.  The  peroxide  or  reJ  oxide  of  iron  may  be  formed   Peioiide. 
by  keeping  iron  filings  red  hot  in  an  open  vessel,  and 
agitating  them  constantly  till  ihey  are  converted  into  a 
dark  red  powder.     This  oxide  was  ibrmerly  called 


ibc  proem  tepcued  lill  the  iriiak  it  oxidiicU. 

jii.uiided,  and  the  powder  is  lintcd  in  an  iri 
utulJy.    See  .4m.  Jr  Cbit 
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taffhrn  of  Mars.  Common  mst  of  iroa  is  tterdjP 
oxide  combined  wlthcurbonic  add  gat.  The  rod  oxidt 
maj  be  obtained  alio  by  exponng  for  a  long  time  a  & 
luted  solution  of  iron  in  salphuric  add  to  the  atmua- 
phere,  and  then  dropping  into  it  an  alkali,  by  wbtch  the 
oxide  is  precipitated.  This  oxide  is  also  found  native 
in  great  abundance.  Proust  proved  it  to  be  composed 
of  42  pans  of  oxygen  and  52  of  iron*.  Coosequeatly 
the  hladL  oxide,  when  converted  into  red  oxide,  abaofbs 
a**&  6f  oxygen ;  or,  which  is  the  same  thing,  the  led 
oxide  is  composed  of  06*5  parts  of  black  oxide  and  39*3 
parts  of  oxygen.  One  hundred  parts  of  iron,  when 
converted  into  a  black  oxide,  absorb  37  parts  of  oxygen, 
and  the  oxide  weighs  137 ;  when  converted  into  pes- 
oxide,  it  absorbs  55  additional  parts  of  oxygen,  and  the 
oxide  weighs  102. 

The  peroxide  cannot  be  completely  decomposed  ly 
i«eat ;  but  when  heated  along  with  its  own  weight  of 
iron  filings,  the  whole,  as  Vauqndin  first  observed,  is 
converted  into  black  oxide  f. 


e  Atm.di  dim,  zxiii.  87. 

f  Mr  ChcDcvix,  iii  his  exceUent  paper  on  the  artemUfet  ofe9f>perihm 
fiiren  it  at  hit  opinion,  that  iron  is  tuiceptible  of  four  different  degrees  of 
ozidisenicnt.  The  first  oxide,  according  to  him,  is  of  a  xnhUt  colouTf 
the  second  is^rrra,  the  third  Umtk^  and  the  fourth  red.  His  opinion  is 
chieflf  founded  upon  the  different  colours  which  minerals  containing 
iron  are  obamred  to  possess ;  namely,  white  (or  colourless),  greem^  Umsk^ 
fv/y  hrrmn^  and  Uue,  fiot  it  »  more  likelf  that  these  different  coloon 
are  the  results  of  the  various  combinations  into  which  the  two  oxides  of 
iron  enter.  Difference  of  colour  is  a  very  uncertain  mark  of  difference 
in  the  proportion  of  oxygen  combined  with  a  metal  The  black  mide 
of  iron  dissolves  in  acids  witbovt  effervescence,  and  therefore  without 
any  sensible  change  in  the  proportioii  of  its  oxygen ;  yet  with  pocull  it 
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The  peroxide  of  iron  is  not  magnetic.  It  is  con-  Chip,  tv. 
verted  into  black  oxide  by  sulphiireied  hydrogen  gas 
and  many  other  substances;  which  deprive  it  of  die 
second  dose  of  oxygen,  for  which  they  have  a  stronger 
afGnity,  though  they  are  incapable  of  decomposing  the 
black  oxide. 

5.  Among  ibc  ores  of  iron  there  occurs  an  oxide  ptotoxlje. 
which  is  by  no  means  uncommon,  and  which  appears 
to  contain  only  in^ihe  oxygen  of  ihe  black  oxide.  It 
has  ihe  meiallii:  lustre,  the  colour  of  iron,  but  darker, 
and  is  brittle  and  magnelic,  1  have  atiempced  in  vain 
to  form  it  artificially  from  iron,  always  obtaining  the 
common  black  oxide  above  described.  This  native 
oxide  I  consider  ns  the  real  proco.^ide  of  iron.  The- 
nard's  white  oxide  is,  I  presume,  the  black  oxide  dis- 
guised by  the  presence  of  foreign  matter.  If  that 
plHloiopher  succeeds  in  establishing  the  exigence  of  his 
gran  oxide,  the  reality  of  which  is  still  doubtful,  we 
shnU  be  acquainted  with  four  oxides  of  iron  ;  namely, 
tiie  prot»]cide,  the  black  oxide,  the  green  oxide,' md 
the  nd  oxide. 

Cutting  instruments  of  steel,  after  being  finished,  are  Tunpcrinf 
hardened  by  heating  them  to  a  cherry  red,  and  then 
plunging  them  into  a  cold  liquid.     After  this  harden- 
ing, it  is  absolutely  necessary  to  soften  them  a  little,  or 


l^vm  Diiifornily  >  grrenisti.eolonred  precipitate,  which  become*  ilc«|wr 
and  deeper  cnloureil  when  cjipoKcl  ID  the  Itghl ;  aod  nodiffisnicc  Uob- 
Mmblc  when  the  eipcrimenli  arc  pcrformcil  rn  va'»,  or  in  a  cloic  vc»- 
k1  nnilci  water.  The  ume  oiide  ylcldi  with  phoiphnric  acid  R  whire 
ptcdpintc,  which  bccomo  blue  when  drivd  ia  the  open  ur;  and  trith 
pnieic  aciil,  a  mhite  pcccipiiite,  wbkb  retalm  iii  culovr  at  long  u  the 
oaana  iiI  air  i>  witlilicid 


1 
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to  Umpir  them  ts  it  is  called,  in  order  to  obtain  m  fiie 
and  dormble  edge*  This  is  done  by  heating  them  titt 
some  particular  colour  appear  on  their  surface.  The 
usual  waj  is  to  keep  them  in  oil,  heated  to  n  particnlar 
temperature,  till  the  requisite  colours  appear*  Now  these 
colours  follow  one  another  in  regular  succession  ac- 
cording to  the  temperature.  Between  430^  and  430% 
the  instrument  assumes  a  very  pale  yellowish  tinge  j 
at  460 ^y  the  colour  is  a  straw  yellow,  and  the  instru- 
ment has  the  usual  temper  of  pen-koives,  razors^  and 
other  fine  edge  tools.  The  colour  gradually  dcepeoi 
as  the  temperature  rises  higher,  and  at  500*^  becomes 
a  bright  brownish  metallic  yellow.  As  the  beat  in* 
creases,  the  surface  is  successively  yellow,  brown,  red, 
and  purple,  to  580^,  when  it  becomes  of  a  uniform 
deep  blue,  like  that  of  watch* springs^.  The  blue  gra* 
dually  weakens  to  a  water  colour,  which  is  the  last 
shade  distinguishable  before  the  instrument  becomes  red 
hotf.  These  different  shades  of  colour  are  supposed' 
to  be  owing  to  the  combination  of  the  metal  with  osy- 
gen,  and  to  indicate  a  succession  of  oxides ;  but  the 
hypothesis  is  unsupported  by  proof,  and  is  unnecessary, 
because  the  colours  might  be  equally  well  explained  by 
supposing  the  coat  of  oxide  gradually  to  increase  in 
thickness.  The  fact  that  the  colours  appear  while  the 
iron  is  under  the  surface  of  oil,  a  liquid  which  readily 
decomposes  the  oxides  of  iron,  is  scarcely  consistent 
with  the  supposition  that  the  colours  are  owing  to 
oxidizement. 


*  See  the  curious  eiperimentt  of  Mr  Stoddart,  ts  related  by  Mr  Hi- 
choltoo.    Nuhcltom's  ^uart9  Jmr.  iv.  129. 
f  Lewis,  Stumam'i  CUm*  p.  79. 
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IIL  Iron  is  capable  of  combining  with  all  the  simpk    ^Ohap>iv. 
combustible  bodies. 

1.  Hydrogen,  indeed^  has  never  been  united  tp  it  iit  Union  with 
a  solid  state ;  but  when  hydrogen  gas  is  obtained  by  th<  ^1^  ^"^ 
solution  of  iron  filings  in  diluted  sulphuric  acid*  it  car« 

ries  along  with  it  a  little  of  the  iron,  which  is  gradu- 
ally deposited  in  the  form  of  a  brown  powder  on  the 
sides  of  the  jars  in  which  the  hydrogen  gas  is  confined* 
With  carboui  phosphorus,  and  sulphur,  iron  forms  com* 
pounds  known  by  the  name  of  carburet,  pbospbureiy  and 
sulphur et  of  iron, 

2.  Carburet  of  iron  is  found  native, ^and  has  been    Carbortc* 
long  known  under  the  names  of  plumbago  and  black 

lead*  It  is  of  a  dark  iron  grey  or  blue  colour,  and  hat 
something  of  a  metallic  lustre.  It  has  a  greasy  feel,  is 
soft,  and  blackens  the  fingers,  or  any  other  substance 
to  which  it  is  applied.  It  is  found  in  many  parts  of 
the  world,  especially  in  Britain '*^,  where  it  is  manu* 
factured  into  pencils.  It  is  not  affected  by  the  most 
violent  heat  as  long  as  air  is  excluded,  nor  is  it  in  the 
least  altered  by  simple  exposure  to  the  air  or  to  water* 
A  moderate  heat  produces  no  efiect  upon  it,  and  occa* 
sions  but  little  change  in  its  bulk.  It  is  used,  in  conse- 
quence, in  making  the  crucibles  called  black  lead.  It 
was  long  supposed  to  be  incombustible.  But  Mr  Qjiist 
published  a  set  of  experiments  in  the  Swedish  Ti:ihs* 
actions  for  1754,  from  which  it  appeared,  that  iihtn  ^^ 

plumbago  was  exposed  to  a  strong  heat  in  a  scorifying  '^ 

dish,  under  a  muffle,  it  yielded  sulphureous  flowers^  and 
was  all  wasted  away  except  from  -f  th  to  ^'^th  ;  which 


e  7*he  chief  miocf  are  tt  Keiwick  ia  Cumbef  land,  and  In  Airahire. 

V9L  L  P 
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B«^ '-  residaum.  accordine  to  him.  was  a  mizttire  of  iron  nni 
tin*.  Dr  Lewis  repeated  the  ezperimeiit.  The  black 
lead  gradually  wasted  away  on  the  sorface  precisely 
like  charcoal,  and  left  behind  it  -^th  part  of  a  dark 
brown  matter^  chiefly  attracted  by  the  nuignet.  This 
result  led  Dr  Lewis  to  compare  plumbago  and  char- 
coal with  each  other,  and  to  consider  them  as  analo- 
gous substances  t»  The  experiments  of  Dr  Lewis  were 
carried  much  farther  by  Scheele,  who  pnblished  a  dis- 
sertation on  it  in  1770*  He  found  that  none  of  the 
acids  tried  had  any  effect  upon  it ;  that  it  reduced  li- 
tharge, and  otber  mctaUic  oxides,  precisely  as  charcoal^ 
that  it  detonated  with  nitre„  emitted  abundance  of  car- 
bonic acid ;  and  that  10  parts  of  nitre  were  necessary 
to  consume  it  completely,  and  in  that  case  it  left  only 
a  little  oxide  of  iron  t*  The  experiments  of  Schcele 
were  confirmed  and  elucidated  by  those  of  Pelletier, 
and  of  Vandermonde,  Monge  and  BerthoUet,  who  ifx- 
posed  it  in  glass  jars  filled  with  oxygen  gas  to  the  ac- 
tion of  a  powerful  burning-glass^  Nine-tenths  of  it 
were  consumed  and  converted  into  carbonic  acid ;  the 
remainder  was  iron.  Hence  they  concluded  that  plum- 
bago is  a  compound  of 

90  carbon 

10  iron 


100 

It  is  probable  that  the  portion  of  iron  contained  h 
plumbago  is  considerably  less  than  this.     In  a  recent 


*  Ml  Qiiisc,  in  fact,  used  molybdena  instead  of  plumbago  in  hif  eipe- 
rimcnts ;  hence  the  anomalous  icsult  which  he  obtained. 

f  riil.  ComKfne,  p.  316.  J  Schcclc*s  Ofiiuf,  ii.  ae. 


c!cperimeot  made  by  Messrs  Allen  asd  Pepys,  100  pfirt$  ^^^^'^ 
o(  plumbago,  burnt  in  oxjrgen  gas,, left  obIj  five  parts 
of  oxide  of  iron  *• 

Plumbago  is  formed  artificialljr  in  ft  variety  of  pro- 
cesses,  especially  in  iron  works* 

d.  Phosphuret  of  iron  may  be  formed  by  fusing  in  Pho^uret; 
ft  crucible  16  parts  of  phosphoric  glass,  16  parts  of 
iron,  and  half  a  part  of  charcoal  powder*  It  is  mag^ 
netic,  very  brittle,  and  appears  while  when  broken. 
When  exposed  to  a  strong  heat,  it  melts,  and  the  pbo&- 
piiorus  is  dissipated  f.  It  may  be  formed  also  by  melt- 
ing together  equal  parts  of  phosphoric  *glass  and  iron 
filings.  Part  of  tlie  iron  combines  with  the  oxygen 
of  the  phosphoric  glass,  and  is  vitrified ;  the  rest  forms 
the  phosphuret,  whioh  sinks  to  the  bottom  of  the  cru- 
cible. It  may  be  foriped  also  by  dropping  small  bits 
of  phosphorus  into  iron  filings  heated  red  hot  X»  ^^^^ 
proportiods  of  the  ingredients  of  this  phosphuret  have 
not  yet  been  determined.  It  was  first  discovered  and 
examined  by  Bergman,  who  too^  it  for  a  new  metal, 
and  gave  it  the  name  of  sidcrum. 

There  is  a  particular  kind  of  iron  known   by  the  History  of 

name  of  coU  short  iron,  because  it  is  brittle  when  cold,  *"  ^^^ 

▼cry. 

though  it  be  malleable  when  hot.  Bergman  $  was  em- 
ployed ftl  Upsal  in  examining  the  cause  of  this  proper-^ 
ty^  while  Meyer  ||   was  occupied  at   Stetin  with   the 


♦  On  the  quantity  of  CarUn  in  Carbonic  Afid,  PhiLTraOt.  1807. 
t  PeUeticr,  Ann.  dt  Cbim.  u  103,  J  Id  Ibid,  xiiL  1 1  J, 

S  O^e.  ill  10;. 

I  Scbri/tcM  dcT  Berliner  CaeUscb.  Ntitur/,Freujuky  lySo.ii.  334.and  lii. 
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:2S^i,  Mneinvestigttion ;  mnd  both  of  them  diteovered,  neadj 
<  y  >  at  the  tame  time,  that  bj  meant  of  tulphnric  acid,  a 
white  powder  could  be  ^parated  from  thia  kind  of  iran^ 
which  by  the  utatl  procett  they  converted  into  a  mettl 
of  a  dark  tteel  grey,  exceedingly  brittle,  and  not  verjr 
soluble  in  acids.  Its  specific  grarity  was  0*700  }  it 
was  not  so  fusible  as  copper;  and  when  combined  widi 
iron  rendered  it  cold  short.  Both  of  them  ooadndei 
that  this  substance  was  a  nrw  nutal.  Bergman  gare  it 
the  name  of  liJirtm,  and  Meyer  of  bydrosiJkrmmm  Bat 
Klaproth  soon  after,  recollecting  that  the  salt  composed 
of  phosphoric  add  and  iron  bcnne  a  great  resemblance  t» 
the  white  powder  obtained  from  cold  short  iron,  sus- 
pected the  presence  of  phosphorus  in  this  new  me^ 
tal.  To  decide  the  point,  he  combined  phosphoric 
acid  and  iron,  and  obtained,  by  heating  it  in  a  crocihie 
along  with  charcoal  powder*,  a  substance  exactly  re- 
sembling the  new  metal  f  •  Meyer,  when  Klapirodi 
communicated  to  him  this  discovery,  informed  him 
that  he  had  already  satisfied  himself,  by  a  more  accu- 
rate examination,  that  siderum  contained  phosphoric 
acid  %•  Soon  after  this,  Scheele  actually  decomposed 
the  white  powder  obtained  from  cold  short  iron,  anil 
thereby  demonstrated  that  it  is  composed  of  phosphoric 
acid  and  iron  $.  The  siderum  of  Bergman,  jbowever, 
is  composed  of  phosphorus  and  iron,  or  it  is  phospha* 


£= 


*  This  proceai  in  chemistry  ii  called  redtutJcu, 

t  Crell*s  Aitnals,  1784*  i  39a 

%  Ibid.  195. 

I  CreU,  1 1  III  Eng.  Trani. 
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ret  of  iron  ;  the  phosphoric  acid  being  deprived  of  its  ^  Chap  IV, 
oxygen  during  the  reduction  *. 

4.  Salphuret  of  iron  may  be  formed  by  melting  to-  Sulphorct 
gether  in  a  crucible  equal  parts  of  iron  filings  and  pow« 
dered  sulphur.  It  is  of  a  black,  or  very  deep  grey  co« 
lour,  brittle,  and  remarkably  hard.  When  reduced  to 
powder,  and  moistened  with  water,  the  sulphur  is  gra- 
dually converted  into  sulphuric  acid  by  absorbing  oxy- 
gen, while  at  the  same  time  the  iron  is  oxidized.  The 
same  compound  may  be  formed  by  mixing  together 
three  parts  (by  weight)  of  iron  filings^  and  one  part  of 
powdered  sulphur,  and  putting  the  mixture  in  a  glass 
vessel  upon  burning  coals.  This  mixture,  as  the  Dutch 
chemists  first  ascertained,  melts,  and  bums  without  the 
presence  of  air,  just  as  copper  filings  and  sulphur, 
though  not  with  such  brilliancy  f.  But  the  combus- 
tion, as  I  have  observed,  is  remarkably  brilliant,  and 
even  accompanied  by  an  explosion,  if  a  considerable  . 
mixture  of  iron  filings  and  sulphur  be  melted  together 
in  a  covered  crucible.  It  continues  much  longer  than 
that  of  copper  and  sulphur. 

If  equal  quantities  of  iron  filings  and  sulphur  be  mix- 
ed together,  and  formed  into  a  paste  with  water,  the 
sulphur  decomposes  the  water,  and  absorbs  oxygen  so 
rapidly  that  the  mixture  sometimes  takes  fire,  even 
though  it  be  buried  under  ground.  This  phenomenon 
was  first  discovered  by  Lemeri ;  and  it  was  considered 


*  Kinman  has  shown  that  the  brittleneis  and  bad  qualities  of  cold  short 
iron  may  be  removed  by  heating  it  strongly  with  llme^ftone,  and  with 
this  the  experiments  of  I^evavasseur  correspond.    See  Atn,  dt  Cbim,  iXn* 
231. 
t  Jiur.  dt  Mln,  N^  •  !!•  91. 
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BottkL 


1st 

Pyrites. 

Specific  gravity. 

Couftitucnt*. 

Iron. 

147-85 

1 

Sulphur. 

ToraL 

100 
100 
100 
100 
10*1 

In  dodecahedrons 

4-830 

52'15 

2d 
3d 

Striated  cubes 

■47-30 

52-50 

Smooth  cubes 

4-S31 

4T30 

52-70 

4th 

Radiated 

1 
4-6  Qd 

4-775 

46 '40 

53*60 

5th 

Smaller  do. 

45-66 

1  54-34 

From  this  table  we  learn,  that  the  regularly  crystal- 
lized pyrites  contains  least  sulphur,  and  the  striated 
most;  but  the  greatest  dilTcrcnce  is  only  2'lOfer  cent. 
Common  sulpharet  of  iron  is  not  only  attracted  by 
the  magnet,  but  may  be  itself  converted  into  a  magnet 
by  the  usual  methods ;  but  pyrites  is  not  in  the  least 
obedient  to  the  maguet,  neither  is  it  susceptible  of  the 


inacrnetic  virtues 


It  has  been  long  known  that  pure  iron  is  not  suscep- 
tible of  retaining  the  properties  of  a  magnet ;  but  steel, 
T\'hen  once  magneti /.ed,  continues  permanently  magnetic. 
Now  steel,  as  we  shall  see  immediately,  is  a  combina- 

u>n«pound8    tion  of  iron  and  carbon.  When  the  proportion  of  carbon 

vi  iron,  -.j^*  ••  i*  »• 

united  to  iron  is  increased  to  a  certani  proportion,  as  m 

plumbago,  the  iron  loses  the  property  of  being  acted 
on  by  the  magnet.  The  addition  of  a  certain  por- 
tion of  sulphur  likewise  renders  iron  susceptible  of 
^ocouiing  a   permanent   magnet.     'J'he    sulplmr   maV 


IJovh.'t.-,   /V;V.  7'   >n4.  i3c4, 
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amount  to  40  ^«-»flf.  without  destroying  this  property  i  ^^'P-  'V-_ 
but  when  ii  is  increased  lo  52  per  cnit.  ihe  magnetisia 
vanishes  completelj.  Iron  m^y  be  made  permanenily 
roEgnelic  also  when  united  to  phosphorus  ;  but  whether 
the  magnelisni  disappears  when  tltc  proportion  of  phos- 
phorus is  increased,  has  not  been  a^cetiaiuud. 

Thus  it  appears  that  pure  iron  is  not  suitceptiblc  of  ^nd  o  ctr- 
permanenl  inagnetisni.     United  to  a  portion  of  carboii,  '="'pr"pnc- 
ic  forms  a  compound  more  or  less  brittle,  soJuble  in   Kimplccoi^ 
muriatic  acid,  and  susceptible  of  magnetic  impregna- 
tion.    Saturated  witb  carbon,  it  becomes  brittle^  inso- 
luble in  muriatic  acid,  and  destitute  of  magnetic  pro- 
Iron,  united  lo  a  portion  of  sulphur,  forms  a  brittle 
compound,  soluble  in  muriatic  acid,  and  susceptible  of 
magnetic  impregnation.     Satiiraictl  with  sulphur,  the 
compound  becomes  brittle,  insoluble  in  muriatic  acid, 
and  destitute  of  magnetic  properties. 

Iron,  unil«d  to  phosphorus,  is  brittle,  and  susceptible 
of  magnetic  impregnation  in  a  great  degree,  and  iu  ill 
probability,  by  saturation,  would  lose  i:s  magnetic  pro- 
perties altogether. 

For  these  facts,  which  are  of  the  utmost  importance, 
we  arc  indebted  to  Mr  Hatchett,  who  was  led  lo  the 
discovery  of  them  by  his  experiments  on  magnetic  py- 
rites. "  Speaking  generally  of  the  carburets,  sulpha- 
rets,  and  phosphurets  of  iron,  I  have  no  doubt,"  says 
this  sagacious  philosopher,  "  but  that,  by  accurate  ex- 
periments, we  shail  &ud  that  a  certain  proportion  of  the 
ingredients  of  each  co:istitutes  a  maicimum  lu  the  mag- 
netical  power  of  these  three  bodies.  When  this  max- 
imum has  been  ascertained,  it  would  be  proper  to  com. 
pare  the  relative  magnelical  power  of  steel  (which  hi. 
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Bool:  t  therto  has  alone  been  employed  to  form  artificial  mag* 
1^  y  J  nets)  with  that  of  sulphuret  and  phosphuret  of  icon ; 
each  being  first  examined  in  the  form  of  a  single  masi 
or  bar  of  equal  weight,  and  afterwards  in  the  state  of 
compound  magnets,  formed  like  the  large  horse-shoe 
magnets,  by  the  separate  arrangement  of  an  aqnal  num- 
ber of  bars  of  the  same  substance  in  a  box  of  brass. 

**  The  effects  of  the  above  compound  magnets  should 
then  be  tried  against  others,  composed  of  bars  of  the 
three  different  substances,  various  in  number,  andia 
the  mode  of  arrangement  $  and  lastly,  it  would  be  in* 
teresting  to  make  a  series  of  experiments  on  chemicsl 
compounds,  formed  by  uniting  different  proportions  of 
carbon)  sulphur,  and  phosphorus,  with  one  and  the  same 
mass  of  iron.  These  quadruple  compounds,  whicb^  ac- 
cording to  the  modem  chemical  nomenclature,  may  be 
called  carburo*sulphuro  phosphurets,  or  phosphuro*sol- 
phuro  carburets,  &c;  of  iron,  are  as  yet  unknown  as  lo 
their  chemical  properties,  and  may  also,  by  the  investi- 
gation of  their  magnttical  properties,  afford  some  cu- 
rious results.  At  any  rate,  an  unexplored  field  of  ex- 
tensive research  appears  to  be  opened,  which  possibly 
may  furnish  important  additions  to  the  history  of  mag- 
netism ;  a  branch  of  science  which  of  late  years  has  been 
but  little  augmented,  and  which,  amidst  the  present  ri^ 
pid  progress  of  human  knowledge,  remains  immersed 
in  considerable  obscurity." 
Vaiifilesof  ^*  There  are  a  great  many  varieties  of  iron,  whidi 
iron.  artists  distinguish  by  particular  names  i    but  all  of  them 

may  be  reduced  under  one  or  other  of  the  three  fol- 
lowing classes — Cast  Iron,  Wrought  or  Soft  Iron,  and 
Steel. 
T.Cistiror..       Cast  Iron,  or  Pio  Iron,  is  the  name  of  the  metal 


■when  fint  eitrocted  from  iti  ores.   The  ores  from  which    Chip,  iv. 


iron  is  usaall7  oblatpcd  are  composed  of  oxide  of  iron 
and  clay.  The  object  of  the  maDuf&cturer  Is  to  reduce 
ilie  oxide  to  t)ic  metallic  state,  and  to  separate  all  the 
clay  with  which  il  i*  combined.  These  two  objects 
are  accomplished  at  once,  by  mixing  the  ore  reduced  to 
small  pieces  with  a  cettain  portion  of  limestone  and  of 
charcoal,  and  subjecting  the  wlioie  to  a  very  violent 
heal  in  furnaces  constructed  for  the  purpose.  The 
charcoai  absorbs  the  oxygen  of  the  oxide,  flies  off  iit 
the  stale  of  carbonic  acid  gas,  and  leaves  the  iron  in  the 
metallic  stale  ;  the  lime  combines  with  the  clay,  and 
both  together  run  into  fusion,  and  form  a  kind  of  fluid 
glass  ;  the  iron  is  ulso  melted  by  the  violence  of  the 
heat,  and  being  heavier  than  the  glass,  falls  down,  and 
is  collected  at  the  bottom  of  the  furnace.  Thus  the 
contents  of  the  furnace  are  separated  into  two  poiupns  ; 
the  glass  swims  at  the  surface,  and  the  iron  rests  H  the 
bottom.  A  hole  at  the  lower  part  of  the  furnace  it 
now  opened,  and  the  iron  allowed  to  flow  out  into 
moulds  prepared  for  its  reception. 

The  cast  iron  thus  obtained  is  distinguished  by  ma-    varictn 
nufacturcrs  into  different  kinds,   from  its  colour   and 
ether  qualities.     The  three  following  are  the  most  re- 
narkable  of  these  varieties  ; 

Ht,  White  cast  iron,  which  is  extremely  hard  and 
brittle,  and  appears  to  be  composed  of  a  congeries  of 
smalt  crystals.  It  can  neither  be  filed,  bored,  nor  bent, 
and  is  very  apt  to  break  when  suddenly  heated  or 
cooled. 

2df  Grey  or  mottled  cast  iron,  so  called  from  the  ine- 
f)ualily  of  its  colour.  Its  texture  is  granulated.  It  is 
much  softer,  and  less  brittle,  than  the  last  variety,  and 
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Book  L     may  be  cut,  bored,  and  turned  on  the  lath*     ArtUlerT 

%      ^     ,f   1%  made  of  it. 

Sd,  Black  cast  iron,  is  the  most  unequal  in  its  tex- 
ture, the  most  fusible,  and  least  cohesive  of  the  three* 

rropertica.  Cast  iron  melts  when  heated  to  about  130^  Wedge- 
wood.  Its  specific  gravity  varies  from  7' 2  to  7*6.  It 
contracts  considerably  when  it  comes  into  fusion.  It  is 
converted  into  soft,  or  malleable  iron,  bj  a  process 
which  is  considered  as  a  refinement  of  it ;  and  hence  the 
furnace  in  which  the  operation  is  performed  is  called  a 
finery. 

How  coo-         This  was  usually  done  in  this  country  by  keeping 

^Tf.*^^?'®  the  iron  melted  for  a  considerable  time  in  a  bed  of 
charcoal  and  ashes,  and  the  scoriae  of  iron,  and  then 
forging  it  repeatedly  till  it  became  compact  and  mal- 
leable. The  process  varies  considerably  in  different 
counlries,  according  to  the  nature  of  the  fuel,  and  of  the 
ore  from  which  the  iron  was  obtained ;  and  the  quality 
of  the  iron  obtained  is  equally  various.  Mr  Cort,  about 
16  years  ago,  proposed  anew  method,  which  succeeded 
in  converting  every  kind  of  cast  iron  into  malleable  iron 
of  the  best  quality.  The  cast  iron  is  melted  in  a  rever- 
beratory  furnace  by  means  of  the  flame  of  the  com- 
bustibles, which  is  made  to  play  upon  its  surface. 
Wliile  melted,  it  is  constantly  stirred  by  a  workman, 
that  every  part  of  it  may  be  exposed  to  the  air.  In 
£bout  an  hour  the  hottest  part  of  the  mass  bcqins  to 
i)eavc  and  swell,  and  to  emit  a  lambent  blue  flame. 
This  continues  nearly  an  hour ;  and  by  that  lime  the 
conversion  is  completed.      The  heaving  is  evidently 


*  liiatik'i  Z...'.'/-.v,  ii.  495, 
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produced  by  the  emission  of  an  elastic  fluid  *•     As  tbe    Ghapw  l\r. 
process  advances,  the  iron  gradually  acquires  more  coo*  ' 

sistencj  ;  and  at  last,  notwithstanding  the  continuance 
of  the  heat,  it  congeals  altogether.  It  is  then  taken 
while  hot,  and  hammered  violently  by  means  of  a  heavy 
hammer  driven  by  machinery.  This  not  only  makes 
the  particles  of  iron  approach  nearer  each  other,  but 
drives  away  several  impurities  which  would  otherwise 
continue  attached  to  the  iron. 

In  this  state  it  is  the  substance  described  in  this  Sec«  suMaHedtle 
tion  under  the  name  of  Iron.  As  it  has  never  yet  been 
decomposed,  it  is  considered  at  present  when  pure  as  a 
simple  body  -,  but  it  has  seldom  or  never  been  found 
without  some  small  mixture  of  foreign  substances. 
These  substances  are  either  some  of  the  other  metals, 
or  oxygen,  carbon,  or  phosphorus. 

When  small  pieces  of  iron  are  stratified  in  a  dose 
crucible,  with  a  sufficient  quantity  of  charcoal  powder, 
and  kept  in  a  strong  red  heat  for  eight  or  ten  hours, 
they  are  converted  into  Steel f,  which  is  distinguish-   «.  steal, 
ed  from  iron  by  the  following  properties. 

It  is  so  hard  as  to  be  unmalleable  while  cold,  or  at  Propertki^ 
least  it  acquires  this  properly  by  being  immersed  while 
ignited  into  a  cold  liquid  :  for  this  immersion,  though 
it  has  no  effect  upon  irofi,  adds  greatly  to  tlw  hardness 
of  steel* 

It  is  brittle,  resists  the  file,  cuts  glass,  affords  sparks 
with  flint,  and  retains  the  magnetic  virtue  for  any  length 
of  time.     It  loses  this  hardness  by  being  ignited  and 


*  Be<yoe8,  Pf>ii.  TritMs  179I. 
f  Thi»  process  i»  called  $€mgntaihm. 
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BookL      cooled  very  slowly.     It  melts  at  above  ISO*  Wedge- 
i_  wood.     It  is  malleable  when  red  hot,  but   scarccVjr  so 

when  raised  to  a  white  heat.  It  may  be  hammered  ott 
into  much  thinner  plates  than  iron.  It  is  marc  looe- 
rous ;  and  its  specific  gravity,  when  hammered,  is  grett* 
er  than  that  of  iron,  varying  from  TT8  to  T84. 

By  being  repeatedly  ignited  in  an  open  vessel,  and 
hammered,  it  becomes  wrought  iron  *. 
Nature  of  7,  These  different  kinds  of  iron  have  been  longknowHi 

ties  and  the  converting  of  them  into  each  other  has  been 

practised  in  very  remote  ages.  Many  attempts  hire 
been  made  to  explain  the  manner  in  which  this  conver- 
sion is  accomplished.  According  to  Pliny,  steel  owes 
its  peculiar  properties  chiefly  to  the  water  into  which  it 
is  ptunged  in  order  to  be  cooled  f.  Beccher  supposed 
that  fire  was  the  only  agent ;  that  it  entered  into  the 
iron,  and  converted  it  into  steel.  Reaumur  was  the 
first  who  attended  accurately  to  the  process ;  and  his  on- 
merous  experiments  contributed  much  to  elucidate  the 
subject.  He  supposed  that  iron  is  converted  into  steel 
by  combining  with  saline  and  oily  or  sulphureous  par- 
ticles, and  that  these  are  introduced  by  the  fire.  But  it 
was  the  analysis  of  Bergman,  published  in  1781,  that  first 
paved  the  way  to  the  explanation  of  the  nature  of  these 
different  species  of  iron  J. 

By  dissolving  in  diluted  sulphuric  acid  100  parts  of 
cast  iron,  he  obtained,  at  an  average,  42  ounce  mea- 
sures of  hydrogen  gas;  from  100  parts  of  steel  he  ob- 
tuitd   48   ounce   measures ;    and   from    100    parts  of 


♦  Dr  Pearson  on  If^etiz,  Phil,  Trent, 

•♦  Plicy,  lib.  Mxiv.  14.  I  O^Ms:.  iii.  i. 


wrought  iron,  50  ounce  measures.  From  100  parts  of 
cast  iroDy  he  obtained,  at  an  average,  2*2  of  plumbago, 
or  ;^$  from  100  parts  of  steel,  0*5,  or  -^^  ;  and  from 
100  parts  of  wrought  iron,  0'12,  or  -^^*»  From  this 
analysis  he  concluded,  that  cast  iron  contains  the  least 
phlogiston,  steel  more,  and  wrought  iron  most  of  all ; 
for  the  hydrogen  gas  was  at  that  time  considered  as  an 
indication  of  the  phlogiston  contained  in  the  metals  He 
concluded,  too,  that  cast  iron  and  steel  differ  from  pure 
iron  in  containing  plumbago.  Mr  Grignon,  in  his 
notes  on  this  analysis,  endeavoured  to  prove,  that  plum- 
bago is  not  essentially  a  part  of  cast  iron  and  steel,  but 
that  it  was  merely  accidentally  present.  But  Bergman, 
after  #onsidering  hfs  \>bjections,  wrote  to  Morveau  on 
the  18th  November  1783,  **  I  will  acknowledge  my 
mistake  whenever  Mr  Grignon  sends  me  a  single  bit 
of  cast  iron  or  steel  which  does  not  contain  plumbago  ; 
and  I  beg  of  you,  my  dear  friend,  to  endeavour  to  dis- 
cover some  such,  and  to  send  them  to  me  ;  for  if  1  am 
wrong,  I  wish  to  be  undeceived  as  soon  as  possible  f.'^ 
This  was  almost  the  last  action  of  the  illustrious  Berg- 
man.  He  died  a  few  months  after  at  the  age  of  4S^ 
leaving  behind  him  a  most  brilliant  reputation,  which 
no  man  ever  more  deservedly  acquired.  His  industry, 
his  indefatigable,  his  astonishing  industry,  would  alone 
have  contributed  much  to  establish  his  name  ;  his  ex- 
tensive knowledge  would  alone  have  attracted  the  at- 
tention of  philosophers ;  his  ingenuity,  penetration,  and 
accurate  judgment,  would  alone  have  secured  their  ap- 


.*  Scheele  had  previously  observed,  that  plumbago  is  obtained  whe» 
•omc  kinds  of  iron  are diasoWed  in  sulphuric  acid.  See  his  D'usciiatlon  m 

t  McTfCU,  Emy€.  Mwtitd.  Chim,  I  449. 
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Bookl .      plause  i  and  his  candour  and  love  of  txnth  procured  hia 
'_  the  confidence  and  the  esteem  of  the  world.— -BntaU 

these  qualities  were  united  in  Bergman,  and  conspired 
to  form  one  of  the  noblest  characters  that  ever  adorned 
human  nature. 
Explained.  Xhe  experiments  of  Bergman  were  repeated,  varied, 
and  extended,  by  Vandermonde,  Monge,  and  Benhol- 
let,  who  published  an  admirable  dissertation  on  tbe 
subject  in  the  Memoirs  of  the  French  Academy  for  1760* 
These  philosophers,  by  an  ingenious  application  of  the 
theoretical  discoveries  of  Mr  Lavoisier  and  his  associ- 
ates, were  enabled  to  explain  the  nature  of  these  three 
substances  in  a  satisfactory  manner.  By  their  experi- 
ments,  together  with  the  sub*sequent  ones  of  Clouet, 
Vauquelin,  and  Morveau,  the  following  facts  have  been 
established. 

IVrought  iron  is  a  simple  substance,  and  if  perfectly 
pure  would  contain  nothing  but  iron* 

Steel  is  iron  combined  with  a  small  portion  of  car- 
bon, and  has  been  for  that  reason  called  carbureted  iron. 
The  proportion  of  carbon  has  not  been  ascertained  with 
much  precision.  From  the  analysis  of  Vauquelin,  it 
amounts  at  an  average,  to  li^ypart*.  Mr  Clouet 
seems  to  aflirni  that  it  amounts  to  yV  P^>^t ;  but  he  has 
not  puplished  the  experiments  which  led  him  to  a  pro- 
portion, which  so  far  exceeds  what  has  been  obtained 
by  other  chemists  t» 
That  steel  is  composed  of  iron   combined  with  car- 


•  Ann,  de  dim,  xxii,  I. 

t  Mr  Clouct't  words  arc  as  follows  :  <'  Le  charbon  8*unit  au  fer  oi 
(JifTcrcntcs  proportions ;  ct  a  n-.esure  que  ces  pruportioDs  yarJent,  let  prt- 
duiti  varient  eutsi.   Un  treut^sieuxicxne  dc  charbon  foffit  ponr  rendrc  Ic 


boD»  has  heta  jBtill  Cutber  ocxifinned  by  iMonrettty     Cfci^fr, 

who  ihnned  stcelbj  CQttbtdiiqf  together  dirccdy  iroo 

aod  •diummfi.   Al  the  anggettidB  d£  Clouet,  he  endoeei 

a  diamoAd  m  a  smail  crucible  of  pure  iroi^  andcx^ 

posed  it  oompletelj  eorsrsd  up  in  a   comnMi  cru« 

cible  to  a  sbScient  heat.    The  diamond  disappeaved^ 

and  the  iron  was  converted  into  steel.     The  diamond 

weighed  007  parts,  the  iron  57i800,  and  the  steel  ob« 

tuned  56,384  $  so  that  2^313  parts  of  the  iron  bad  been 

lost  in  the  operation  *«     From  this  experiaacnt  itfoU 

lows,  that  steel  contains  about )^  xif  ks  weight  of  car« 

bon*    This  experiment  was  objected  to  by  Mr  Mnsh« 

ot ;   but  the  objections  were :  refuted  by  Sir  George 

M'Keazief. 

Binman,  long  ago,  pointed  out  a  method  by  which 
sted  may  be  distinguished  from  iron.  When  a  lit* 
tie  dilated  nitric  acid  is  dropt  upon  a  plate  of  steel, 
allowed  to  remain  a  few  minntes,  and  then  washed 
off,  it  leaves  behind  it  a  bkdc  spot ;  whereas  the  spot 
formed  by  nitric  acid  on  iron  is  whitish  green.  We 
can  easily  see  the  reason  of  the  black  spot :  it  is  owing 
to  the  carbon  of  the  iron  which  is  left  undissolved  by 
the  acid. 

Cast  iron  is  iron  combined  with  a  still  greater  pro« 
portion  of  carbon  than  is  necessary  for  forming  steel. 


fer  acier ;  cettc  do«e  varie  c^peudant  dani  les  exp^iencet,  i  cauie  de 
Tin^gale  intensity  du  feu  et  de  la  poroac6  des  creiueta :  en  «ngiiieDtan€ 
la  dote  de  charbon,  b  qnalit^  de  I'acier  avgmcnte  autn ;  mau  U  dertene 
toQJbiin  <ie  plni  en  plus  difficile  il  £orpr,  et  plua  facile  a  nmoUirinfev.*' 
Jmir,  de  Mim.  Au.  vii.  3. 

*  Jmm.  it  Chim,  xxzi.  328. 

t  Nicholton*!  Journal,  iv.  1 03. 
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The  quantity  has  not  jet  been  ascertained  with  preet« 
lion :  Mr  Cloaet  makes  it  amount  to  -J-th  of  the  inxi* 
The  blackness  of  the  colour,  and  the  fnsibililj  of  cast 
iron,  are  proportional  to  the  quantity  of  carbon  which 
St  contains.     Cast  iron  is  almost  always  contaminated 
with .  foreign  ingredients :  These  are  chiefly  oxide  of 
iron,  phosphuret  of  iron,  and  silica  f. 
Maimfac-         8.  It  is  easy  to  see  why  iron  is  obtained  from 
^"'^^        its  ore  in   the  state  of  cast  iron.      The  quantity  of 
charcoal,  along  with  which  the  ore  is  fused,  is  so  grea^ 
that  the  iron  has  an  opportunity  of  saturating  itself 
with  it. 
Soft  iroii.  The  conversion  of  cast  iron  into  wrought  iron  is  ef« 

fected  by  burning  away  the  charcoal,  and  depriving  the 
iron  wholly  of  oxygen  :  this  is  accomplished  by  heat- 
ing it  violently  while  exposed  to  the  air  *.  Mr  Clonct 
has  found,  that  when  cast  iron  is  mixed  with  ^th  of  its 
weight  of  black  oxide  of  iron,  and  heated  violently,  it 
is  equally  converted  into  pure  iron.  The  oxygen  of  the 
oxide,  and  the  carbon  of  the  cast  iron,  combine,  and 
leave  the  iron  in  a  state  of  purity  f. 

The  common  method  of  refining  cast  iron  is  nothing 
else  than  this  process  of  Clonet,  as  has  been  pointed  out 
by  Dr  Black.  A  considerable  quantity  of  the  iron, 
(about  4d)  is  scorified  or  converted  into  black  oxide  of 
iron,  known  when  melted  by  the  name  o^ finery  cinder  %% 


$  A  substance  which  shall  be  dcKribed  in  the  neit  Book. 

*  A  detailed  account  of  the  process  used  at  ShefficM  for  convtrtin^ 
cast  iron  into  pure  iron,  has  been  publi&hsd  by  Mr  Collier  in  the  ^th  vo- 
lume of  the  Manchester  ^lewirs^  p.  lit. 

f  Jour,  de   Win,  /\ji,  yii.  p.  8. 

I  The  French  oame  for  this  ii  UUitr% 


This  being  mixed  with  the  melted  iron,  nnd  the  heat 
increased,  the  oxide  acts  upon  the  carbon,  and  both  mu- 
tually decompose  each  other.  The  nicety  of  the  ope- 
ration depcndi  on  knowing  how  far  to  carry  the  cal- 
cinatiori  of  the  iron,  that  there  may  be  just  sufficient 
to  consume  the  whole  of  the  carbon.  Much  more, 
however^  is  actually  formed  in  the  large  manufac- 
tories. 

The  conrersion  of  iron  into  »teel  is  effected  by  com- 
bining it  with  carbon.  This  combination  is  perfbrmed 
in  the  large  way  by  three  different  processes,  and  the 
products  are  distinguished  by  the  names  of  natural  sttel, 
stef I  of  cementation,  and  cast  ited. 

Natural  sieel  is  obtained  from  ihc  ore  by  converting 
it  first  into  cast  iron,  and  then  exposing  the  cast  iron  to 
»  violent  heat  in  a  furnace  while  its  surface  is  covered 
with  a  mass  of  melted  sconce  five  or  six  inches  detp. 
Part  of  the  carbon  is  supposed  to  combine  with  the  oity- 
t  iron  contains,  and  to  fly  off  in  the  stale 
id  gas.  The  remainder  combines  with 
and  constitutes  it  steel*.  This  steel 
is  inferior  to  ihe  other  species  ;  its  ([nality  is  not  the 
same  throughout,  it  is  softer,  and  not  so  apt  to  break  ; 
and  as  the  process  by  which  it  is  obtained  is  less 
expensive,  it  is  sold  at  a  lower  price  than  the  other 
Species. 

Steel  of  cementation  is  made  by  stratifying  bars  of 
pure  iron  and  charcoal  powder  ajtemiicly  in  large 
eylhen  troughs  or  crucibles,  the   mouths  of  which  are 


Cfap.  TV. 


gen  which  ca 
of  carbonic  a 
the  pure  iro 


H  'A  detailed  jccovnc   ofthia  proccis, 
%Qrk>,  may  be 


LQ  itie  /cur.  A  Mix.  Ho, 


petrortnid  tn  diffcnnCiron 
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jf^ ';  carfifully  closed  up  with  clay.  These  troughs  ate  pot 
<■  y  .^  int^  a  furnace,  and  kept  sufficicntlj  hot  till  the  bars  of 
UFOQ  are  ooovcred  into  sleel»  which  usuallj  reqoirei 
elgbt  or  ten  dajs  *,  This  ptrocess  was  invented,  or  at 
hMAX  .first  practised  to  anj  extent^  in  Britain.  The  ban 
.»f  sleel  thus  formed  are  known  in  this  country  bj  the 
naoM  of  blistertd  steely  because  their  surface  is  co>vtfei 
here  and  there  with  a  kind  of  blister  of  the  metals  as 
iS  an  elastic  fluid  had  been  confined  in  dtffeteat  parts  of 
\U  "  When  drawn  out  into  smaller  bars  by  the  haouner, 
lAirtceivps  the  nanve  of  tiitedsttei,  from  the  hammer 
eiAplojed*  When  broken  to  pieces,  and  welded  repeat* 
edly  in  a  furnace,  and  then  drawn  out  into  bars,  it  ii 
f  ^2l\e4  .C^f^^'Hin  or  fbear  ittelj-.     Steel  of  cemcQtation 

has  a  5oe  grain,  is  equal,  harder,  and  more  clastic 
Uian  nat^'al  stetU 
Cast  iceel.  |  Q^sX  Steel  is  the  most  val^mble  of  all,  as  its  texture  is 
most  compact,  and  it  adn»its  of  the  finest  polish,  Ii  is 
used  fgr  razors,  surgeon ^s  instruments,  and  other  simi- 
lar purposes.  It  is  more  fusible  than  common  steel, 
and  for  that  reason  cannot  be  welded  with  iron  :  it  melts 
before  it  can  be  heated  high  enough •  The  method  of 
making  it  was  discovered  about  1150  by  Mr  Huntsman 
of  Shellicld,  who  still  continues  to  manufacture  it»  The 
process  was  for  some  time  kept  secret ;  but  it  is  now 
well  known  in  this  country,  and  other  manufacturers 
succeed  in  it  equally  well  with  the  original  discoverer. 
It  Gon^i^ts  in  fusing  blistered  steel  in  a  close  crucible. 


*  The  procesa  is  described  at  large  by  Mr  Collier  in  the  AfancBfstir 
f  Collier,  Mjncbattr  Mtm§ir4^y,  1 17. 


inijced  T<rith  a  certain  proportion  of  pounded  gfHass  and  .C!la|».  tV« 
charcoal  powder.  It  majr  be  formed  aho,  according  to 
the  experiments  of  Clouety  bj  melting  together  30  parts 
of  iron,  one  part  of  charcoal,  and  one  part  of  pounded 
glass ;  or  bj.surrounding  iron  in  a  crocibk  with  a  mix« 
ture  of  equal  parts  of  chalk  and  clay,  and  heating  th€ 
crucible  gradually  to  a  white  heat,  and  keeping  it  a  suf'^ 
ficient  time  in  that  state*.  The  carbon,  according  t5 
Clouet,  is  obtained  bj  the  decomposition  of  the  carbon 
nic  acid,  which  exists  abundantly  in  the  chalk ;  ofte 
part  of  the  iron  combining  with  the  oxygen  of  this  acid^ 
while  the  other  part  combines  with  the  carbon  f ,  But 
the  subsequent  experiments  of  Mr  Mushet  have  render* 
«d  it  very  probable  that  this  theory  is  erroneous,  and 
that  the  steel  obtained  by  Clouet  was  owing  to  some 
other  unobserved  circumstance :  for  when  he  repeated 
it  with  all  possible  precision,  he  obtained  only  iron 
-which  had  been  melted,  and  thereby  altered  in  its  tex«« 
ture  and  appearance,  but  not  converted  into  steel  {• 
From  the  experiments  of  Clouetf  it  does  not  appear  thnt 
the  presence  of  glass  is  necessary  to  constitute  cast  steel  -, 
the  only  essential  ingredients  seem  to  be  iron  and  car- 
bon :  but  the  quantity  of  carbon  is  greater  than  in  com- 
mon steel,  and  this  seems  to  constitute  the  difference 
between  these  two  substances. 

g.  From  the  preceding  detail,  it  is  obvious  that  iron 
and  carbon  are  capable  of  combining  together  in  a  va- 
riety of  different  proportions.     When  the  carbon  ex- 


*  Jcyr,  de  M'm,  An.  vii.  3. 

f  Guyton  and  Direct,  Ibid,  An.  vi.  703 

I  Fbii,  Mtg.  xii.  27. 
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ceediy  die  compound  is  carburet-of  iroa  or  jihimhap. 
When  the  iron  exceed^,  the  pomppund  it  tted  or  cai( 
iron  in  raiious  slates,  according  to  thf  proportioa.  All 
these  oompounds  may  be  considerpd  as  jpicm^tm-sfi  {f 
irm.  The  most  complete  detail  of  ezperimeots  oa  thes^ 
▼arions  compounds  which  haye  appeared  ia  fhis  coon* 
try  are  those  of  Mr  Mushet,  published  in  the  Philpsov 
phical  M^gaxinCf  This  ingenious  practical  ohenust  has 
pbferyedf  that  the  hardness  of  iron  increaq^  with  thp 
proportion  of  oharcofd  with  which  it  combbes,  till  die 
qtfbon  Ambunti  tq  about  ^  of  the  whole  mass.  The 
liatdness  is  then  i^  maximum  $  the  metal  ai^fiirea  dif 
colour  of  silver,  lose$  it^  granulated  ^ppearanoe,  and 
assumes  a  crystallized  form.  If  more  carbon  b^  addrf 
to  the  compound,  the  hardoep  diminishes  in  propor- 
tion to  its  quantity  ^. 

The  folldving  Table,  by  the  same  ingenious  dw« 
mist,  exhibits  the  proportion  of  charcoal  which  dis^ 
peared  during  the  conversion  of  iron  to  the  different 
varieties  of  subcarburet  known  in  commerce  f. 

(fubesr^  TTs-  Soft  cast  Steel 

f^of  tfOQ.         ^^  ^ Common  cast  steel 

^  The  same,  but  harder 

^  • • The  same,  too  hard  for  drawing 

Vt  ••••••••••••  ^hite  cast  iron 

^^ Mottled  cast  iron 

W  •••  Black  cast  iron. 

IV.  Iron  does  not  combine  with  azote.     Muriatip 


f|Sf/,Af^.  1111138.  iJUd.wLfyi49,^ 


acid  gas  oxidizes  it,  and  combines  wiih  the  oxide,  un-    Chip.  IV. 
less  ihe  gas  be  freed  from  water. 

V.  Iron  combines  with  most  metals. 

1.  Iron  unites  very  readily  with  gold  by  fusion  i; 
lU  its  states  of  soft  iron,  cast  iron,  and  steel.  The  alloy 
wts  exaEnined  b^  Mr  Hatcheit,  who  found  i>.  remarka- 
bly ductile  when  composed  of  11  gold  and  one  iron. 
It  was  easily  rolled  into  plates,  cut  into  bloclcs,  a:.<l 
tUmped  into  coin,  without  its  being  necessary  to  anneal 
it*  The  colour  was  a  pale  yellowish  gr'.y  approaching 
lo  a  dull  while  ;  its  specific  gravity  was  16'885.  The 
bulk,  of  the  metals  before  fusion  was  2l'tO ;  after  their 
union  the  bulk  was  2S43.  Hence  they  stiffVr  an  ex- 
pansion, as  had  been  previously  noticed  by  GcIIert. 
Suppose  the  bulk  before  union  to  have  been  1000,  af- 
ter union  it  becomes  10I5'~'.  This  alio;  i\  harder 
thtn  gold.  Dr  Lewis  even  says  thai  it  is  fit  for  ma- 
king edge-lools  ;  but  in  that  case  the  proportion  of  irotJ 
was  doubtless  increased.  When  the  iron  is  three  or 
Four  times  the  quantity  of  gold,  the  alloy,  accord- 
ing to  Dr  Lewis,  has  the  colour  of  silver  +  :  according 
to  Wallerius  it  still  continues  magnetic  |.  Gold  answers 
well  as  a  solder  for  iron. 

2.  Platinum  is  usually  found  alloyed  with  iron.  Dr 
Lewis  did  not  succeed  in  his  attempts  to  unite  these 
metals  by  fusion,  but  he  melted  together  cast  iron  and 
crude  platina,  and  likewise  steel  and  cnide  plaiina. 
The  alloy  was  excessively  hard,  very  tough,  and  pos- 
icned  some  ductility  when  the  iron  was  about  |ths  of 


k 


t  mi.  C«..  p.  1;.  }  tr»>irrtin- 


k. 


Ibie  alkgr*  The  spedfic  gamtj  greftd/  ejBOcaddl  tti 
mctD ;  the  platina  haviog  dcitroycd  tfw  pnp>9 
which  cast  iroa  has  of  cTpairfing  whca  it  bacdfeM^so* 
lid.^  This  allojy  after  being  kept  ten  Jtmc9,  was  Ytxj 
little  tarnished.  At  a  red  heat  it  was  brtttlo^ 
peered,  when  broken,  to  be  composed  of  Unok 
without  aaj  metallio  lostre  *• 

liHcr,  s.  The  alloy  of  silver  and  iron  has  aot  beeaen^ 

mined  by  modem  chemists.  According  to  WnDssii^ 
the  metals  unite  readily  by  fimon,  and  whco  thtfon* 
tity  of  each  is  equal,  the  alloy  has  the  collmr  of  sibv, 
but  it  is  harder;  it  is  very  ductile,  and  ia  nttmctcdl| 
the  magnet  t.  Morveaut  has  shown,  that  when  Ail 
alloy  is  kept  in  fusion,  the  metals  separate  from  uA 
other  according  to  their  specific  gravity,  formiaglna 
buttons,  exceedingly  distbct.  Neither  of  theae^  how* 
over,  is  in  a  state  of  purity.  The  silver  retniaa  alillk 
iron,  which  makes  it  obedient  to  the  ougnct.  Can* 
lomb  has  shown,  that  the  proportion  of  iron  which  re- 
mained' in  the  silver  amounts  to  yi^th  part.  The  irss^ 
on  the  other  hand,  retains  about  -^  oi  itB  weight  of 
ailver ;  which  gives  it  an  excessive  hardness  and  com* 
pactness  of  structure,  of  which  pure  iron  isdeatitntel* 

H^KBry,  ^'  I'<^  ^'  °^^  VLGioA  on  by  mercury :  acoordtngly  Ais 
last  metal  is  usually  kept  in  vessels  of  iron.  Mr  Ac^ 
thur  Aiken,  however,  has  lately  shown  that  these  two 
metals  may  be  combined  together.  To  form  an  amsl* 
gam  of  iron,  he  triturates  together  iron  filings^  and  die 
amalgam  of  the  metal  called  state,  and  adds  to  the  mix* 


•  FkiL  Cum,  p.534>  and  551.  f  ir«M«ri«px»  >-  V^  ' 


tuTC  a  solution  of  iron  in  muriatic  acid.     By  kneading     Cht^lV. 
this  mixture,  and  heating  it,  the  iron  and  mercury  which         ^ 
combine  together  gradually  assume  the  metallic  lustre  *• 

5.  Iron  may  be  united  to  copper  by  fusion,  but  not  Copper, 
without  considerable  difficulty.  The  alloy  has  been 
applied  to  no  use.  It  is  of  a  grey  colour,  has  but  little 
ductility,  and  is  much  less  fusible  than  copper.  The- 
nard  has  ascertained,  that  it  is  attracted  by  the  magnet^ 
even  when  the  iron  constitutes  only  -^th  of  the  alloyf  • 
Mr  Levavasseur  has  published  some  observations, which 
render  it  probable  that  the  variety  of  iron  called  hot 
short  iron,  because  it  is  brittle  when  red  hot,  sometimes 
owes  its  peculiarities  to  the  presence  of  copper.  This 
variety  possesses  a  greater  degree  of  tenacity  than  com- 
mon iron,  and  therefore  answers  better  for  some  pur- 
poses. It  may  be  hammered  when  white  hot.  As 
Boon  as  it  cools,  so  far  as  to  assume  a  brown  colour,  the 
Ibrging  must  be  stopt  till  it  becomes  of  an  obscure 
cherry  red,  and  then  it  may  be  continued  till  the  iron 
is  quite  cold  |. 


•  Phil.  Mag.  liii.  416.  |  Ann^  de  Cb'tm,  L  73It 

%  aid,  zlii.  183. 
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OF     NICKEL. 


Hiftcrj, 


I.  X  HERE  is  found  in  different  parts  of  Genntnj  t 
heavy  mineral  of  a  reddish  brown  colour^  not  unlikt 
copper.  When  exposed  to  the  air,  it  gradually  loses 
its  lustre,  becomes  at  first  brownish,  and  is  at  last  co- 
vered with  green  spots.  It  was  at  first ,  taken  for  aa 
ore  of  copper ;  but  as  none  of  that  metal  can  be  ex- 
tracted from  it,  the  miners  gave  it  the  came  of  KupftT" 
nicielf  or  **  false  copper.*'  Hieme,  who  may  be  con* 
sidered  as  the  father  of  the  Swedish  chemists,  is  the 
first  person  who  mentions  this  mineral.  He  gives  a 
description  of  it  in  a  book  published  by  him  in  1694| 
on  the  art  of  detecting  metals.  It  was  generally  coa« 
sidered  by  mineralogists  as  an  ore  of  copper,  till  it 
was  examined  by  the  celebrated  Cronstedt.  He  con* 
eluded  from  his  experiments,  which  were  published  in 
the  Stockholm  Transactions  for  1751  and  1754,  that  it 
contained  a  new  metal,  to  which  he  gave  the  name  of 
nickcL 

This  opinion  was  embraced  by  all  the  Swedes,  and 
indeed  by  the  greater  number  of  chemical  philosophers. 
Some,  however,  particularly  Sage  and  Monnet,  affirm- 
ed that  it  contained  no  new  metal,  but  merely  a  com- 
pound of  various  known  metals,  which  could  be  sepa- 
rated from  each  other  by  the  usual  processes.  These 
assertions  induced  Bergman  to  undertake  a  very  labo- 
rious course  of  experiments,  in  order  if  possible  to  ob» 


taiQ  niciel  in  a  state  of  purity ;  for  Cronstedt  had  not  Chip.  !▼. 
been  able  to  separate  a  quantity  of  arsenic,  cobalt,  and 
iron,  which  adhered  to  it  with  much  obstinacy.  These 
experiments,  which  were  published  in  1775*,  fully 
confirmed  the  conclusions  of  Cronstedt.  Bergman  has 
shown  that  nickel  possesses  peculiar  properties ;  and 
that  it  can  neither  be  reduced  to  any  other  metal,  nor 
formed  artificially  by  any  combination  of  metals.  It 
must  therefore  be  considered  as  a  peculiar  metal.  It 
may  possibly  be  a  compound,  and  so  may  likewise 
many  other  metals ;  but  we  must  admit  every  thing  to 
be  a  peculiar  body  which  has  peculiar  properties,  and 
we  must  admit  every  body  to  be  simple  till  some  proof 
be  actually  produced  that  it  is  a  compound  ;  otherwise 
we  forsake  the  road  of  science,  and  get  into  the  regions 
of  fancy  and  romance. 

Nickel  is  rather  a  scarce  mineral,  and  it  occurs  al« 
ways  in  combination  with  several  other  metals,  from 
which  it  is  exceedingly  difficult  to  separate  it.  These 
metals  disguise  its  properties,  and  account  in  some  mea* 
sore  for  the  hesitation  with  which  it  was  admitted  as  a 
peculiar  metal.  Since  the  great  *improvements  that 
have  been  introduced  into  the  art  of  analysing  minerals, 
chemists  of  eminence  have  bestowed  much  pains  upon 
this  metal,  and  a  variety  of  processes  have  been  pub- 
lished for  procuring  it  in  a  state  of  purity.  For  the 
brittle  metal  that  is  sold  under  the  name  of  nickel  con* 
tuns  abundance  of  iron  and  arsenic,  and  some  cobalt, 
copper,  and  bismuth.  The  first  set  of  experiments,  af.- 
ter  those  of  Bergman,  made  expressly  to  purify  nickel^ 


f  Bcrgmao,  ii.93^. 
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are  those  of  the  School  of  Mines  of  Paris,  of  frhidi 
Fourcroj  has  published  an  abstract  *•  Their  methdl 
was  tedious  and  incomplete.  Since  the  publicatioa  of 
these  ezperimentSy  no  less  than  six  other  processes  hare 
been  proposed  by  chemists,  all  of  them  ingenioos,  and 
attended  each  with  peculiar  advantages  and  incoove- 
niences  f  • 

I.  Nickel^  when  as  pure  as  possible,  is  of  a  fine  while 
colour  resembling  silver ;  and,  like  that  metal,  it  leaves 
a  white  trace  when  rubbed  upon  the  polished  sorfiia 
of  a  hard  stone  %• 

Its  hardness  is  8  r,  so  that  it  is  rather  softer  than  iroi. 
Its  specific  gravity,  according  to  Richter,  after  being 
melted,  is   8*279 ;  but  when  hanunered,  it  becomes 

8-066$. 

It  is  malleable  both  cold  and  hot ;  and  may  withoat 
difficulty  be  hammered  out  into  plates  not  ezceedug 
the  hundredth  part  of  an  inch  in  thickness  ||. 

It  is  attracted  bj  the  magnet  at  least  as  strongly  ss 
iron.  Like  that  metal,  it  may  be  converted  into  a  mag- 
net ;  and  in  that  state  points  to  the  north  when  fredj 
suspended  precisely  as  a  common  magnetic  needle  ^. 


*  Di scours  PreliminairCi  p.  117. 

\  Bvfr  Philips  published  a  process  in  PLiI,  Mag,  xvi.  311 ;  Proust  aoo* 
therin/9vr.  Je  Pbys,Wik.  169;  Thenard  another,  in  Amn,de  CUm.l 
1x7  ;  Bucholz  another,  in  Gchlcn'i  Jour,  iu  28ft,  and  iii.  sox;  Ricbter 
a  fifth,  IhiJ,  iiL  244 ;  and  Proust  a  shth,  Amu.  de  Cbim,  Ix.  275.  Thae 
processes  will  conic  under  our  consideration  in  a  subsequent  part  of  thii 
Work.  It  is  to  Richter  that  we  are  indebted  for  the  most  preoK  ac- 
count of  the  properties  of  the  metal. 

J  Fourcroy,  D'ucours  PrelimtHaire,  p.  1 1 7. 

§  Gehlen's  Jomr.  iii.  252.  [  Richter,  JhU, 

^  Bergman,  Klaproth,  Fourcrojr,  Richter,  &c. — Mr  Chenevix  haJ 
OBxiounccd  a  method  of  procuring  nickel  which  was  not  magnetic;  bo: 


It  requires  for  fusion  a  temperalnre  at  least  eqaal  to    Cht^iv; 
60^  Wcdgewood  *•     It  has  not  hitherto  been  crystall- 
ized. 

It  b  not  altered  by  exposure  to  the  air,  nor  by  keep* 
ng  it  under  water  f* 

II.  Nickel^  when  moderatly  heated,  is  soon  tarnish-  Oxido^ 
td  ;  and  if  in  powder,  it  is  even  converted  into  an  ox- 
de  ;  but  a  strong  heat  reduces  it  again  to  the  metallic 
;tate.  For  the  oxides  of  nickel,  like  those  of  gold,  are 
lecomposed  by  heat  t*  We  are  at  present  acquainted 
■ith  two  oxides  of  Nickel  ;  the  colour  of  the  proto&- 
dc.  is  gremisb^  that  of  the  peroxide  black* 

1«  The  protoxide  is  easily  procured  by  means  of  ni«  Protoiite 
xic  acid.  In  that  acid  it  di:>solyes  with  effervescence, 
ind  forms  a  fine  grass  coloured  solution.  Carbonate  of 
aotash  throws  it  down  of  an  apple  green  colour,  and 
imre  potash  of  a  deeper  green.  When  dried  and  expo« 
led  to  a  faint  red  heat,  its  colour  darkens  to  oliyegreen^ 
treren  to  blackish  grey}.  In  this  state  it  maybe 
nnsidered  as  the  protoxide  of  nickel  nearly  pure.  By 
bis  treatment  100  parts  of  nickel  are  converted  into 
I2S  of  oxide  ||,  of  nearly 

78  nickel 
22  oxygen 

100 


le  afterwards  aKertaioed,  that  it  owed  this  peculiarity  to  tbe  pretence 
tfancBic. 

*  Bergmao,  u.  269.  According  to  Richter,  itt  melting  point  it  at 
kigh  at  that  cf  manganese. 

t  Richter,  hid.  \  Ibid.  p.  154. 

\  Olive  green  was  the  colour  in  mj  trials.  Richter  obtained  it  grey* 
*^  UKk.  1;  Richter,  JM.  p.  sjS. 
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Sulphuret. 


According  to  the  experiments  of  Pronst*  the 
of  ozjgen  which  it  contains  is  not  quite  so 
obtained  from  100  parts  of  nickel  125  or  l£6  of 
oxide,  indicating  a  componnd  of  80  nickel  and  20  mj» 

gen  *. 

This  oxide  is  tasteless^  soluble  in  the  mada,  mad  Smtm 
with  them  a  grass  green  solution.  It  is  soIuUe  Aah 
ammonia,  aiid  the  scdution,  according  to  Ricfater^  b  pdi 
bloc. 

2«  The  peroxide  of  nickel  was  first  ^^aw^jppJ  W 
Thenard.  It  maj  be  formed  by  causing  a  cuiiei  d 
oxjmoriatic  acid  to  pass  through  vrater  holding  pra^ 
oxide  of  nickel  suspended  in  it ;  a  portion  is  disnlfcdp 
and  the  rest  acquires  a  black  colour.  This  oxide  b 
soluble  in  ammonia  as  well  as  the  last ;  but  the  sols- 
tioo  is  accompanied  with  effervescence^  owing  tothede^ 
composition  of  a  part  of  the  ammonia  by  the  combina- 
tion of  its  hydrogen  with  part  of  the  oxygeii  of  the  ox* 
ide.  A  similar  effervescence  accompanies  its  solndoa 
in  acids,  occasioned  by  the  separation  of  a  portion  of  its 
oxygen  in  the  state  of  gas.  This  oxide  is  soluble  like* 
wise  in  nnnnonia  f .  The  proportion  of  its  oxygen  has 
not  been  a>certained. 

IIL  Nickel  has  not  been  combined  with  carbon  nor 
hydrogen  ;  but  it  combines  readily  with  sulphur  and 
phosphorus. 

Cronstedt  found,  that  sulphuret  of  nickel  may  be  ea^ 
sily  formed  by  fusion.  The  sulphuret  which  he  ob- 
tained was  yellow  and  hard,  with  small  sparkling  fa- 
cets ;  but  the  nickel  which  he  employed  was  impure. 


«  Amb.  d*  Cbim,  U.  ajz. 


t  Thenard,  Aw.  it  Chim.  bf9l< 


mcKtu  »s 


Phospharet  of  nickel  may  be  formed  either  by  fusing  Ch^  iVi 
nickel  along  with  pholphoric  glass,  or  by  dropping  phoqpluiMC» 
phosphorus  into  it  while  red  hot.  It  is  of  a  white  co« 
lour ;  and  when  broke,  it  exhibits  the  appearance  of 
very  slender  prisms  collected  together.  When  heated^ 
the  phosphorus  bums,  and  the  metal  is  oxidated.  It  is 
composed  of  83  parts  of  nickel  and  17  of  phosphorus  *• 
The  nickel,  however,  on  which  this  experiment  was 
made,  was  not  pure. 

IV.  Nickel  is  not  acted  upon  by  azote,  nor  does  it 
combine  with  muriatic  acid. 

V.  The  alloys  of  this  metal  are  but  very  imperfectly  AUoyi widi 
I^nown. 

Mr  Hatchett  melted  a  mixture  of  11  gold  and  one  Gold, 
nickel,  and  obtained  an  alloy  of  the  colour  of  fine  brass. 
It  was  brittle,  and  broke  with  a  coarse-grained  earthy 
firacture.  The  specific  gravity  of  the  gold  was  li^'n2  ; 
of  the  nickel  T8  ;  that  of  the  alloy  47'068.  The  bulk 
•f  the  metals  before  fusion  was  2792,  after  fusion  2812; 
Hence  they  suffered  an  expansion.  Had  their  bulk  be- 
fore fusion  been  1000,  after  fusion  it  would  have  be« 
come  1007.  When  the  proportion  of  nickel  is  dimi- 
nished, and  copper  substituted  for  it,  the  brittleness  of 
the  alloy  gradually  diminishes,  and  its  colour  approach-* 
cs  to  that  of  gold.  The  expansion,  as  was  to  be  expect- 
ed, increases  with  the  proportion  of  copper  introduced f. 

With  copper  this  metal  is  said  to  form  a  white,  hard,  other  mc^ 
brittle  alloy,  easily  bxidized  when  exposed  to  the  air :  ^*^'* 
with  iron  it  combines  very  readily,  and  forms  an  alloy 
whose  properties  have  not  been  sufficiently  examined  > 


*  Pelletler,  Anm.de  Cbim,  xili.  135. 

t  Hatchett  on  the  AiU^'  *>/  Goldy  p.  2r» 
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Book  r.^  with  tin  It  forms  a  white,  hird,  brittle  muf,  which 
swells  up  when  heated :  with  lead  it  does  not  combine 
without  difficult  J  :  with  silver  and  mercnrj  it  refosa 
to  unite :  its  combination  with  platinum  has  not  beea 
tried  *. 

But  as  all  these  trials  were  made  with  impure  nick- 
el, little  dependance  can  be  placed  upon  their  precisioo* 
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SECT.  XI I. 


OF     XICCOLAXUM. 


1  HOUGH  this  metal,  announced  some  years  ago  bj 
Richter,  has  not  hitherto  been  examined  nor  recogni* 
zed  by  other  chemists ;  and  though  Richter  does  not 
appear  quite  satisfied  with  respect  to  its  peculiar  nature; 
jet  as  the  properties  which  he  pointed  out  seem  to  be 
peculiar,  and  as  it  may  throw  light  on  the  composition 
of  the  ores  of  nickel  hitherto  but  imperfectly  analysed; 
it  ought  not  to  be  omitted  in  this  place*  Richter  gave 
it  the  name  of  niccolanuniy  because  it  always  accompa- 
nies nickel  in  the  ores  of  that  metal  f. 

lie  had  been  occupied  for  a  considerable  time  in  po** 
rifying  nickel,  and  had  collected  about  half  a  pound  of 
the  oxide  of  that  metal,  from  which  he  expected  at  least 
a  quarter  of  a  pound  of  metallic  nickel.     But  upon  ex* 


*  CroDsteic.  f  See  Gehlea't  Jtur.  iv.  J9 j» 


NICCOLAHUU. 

[losing  il  to  a  sufficiently  strong  heat,  not  more  than  onft  Clap.  IV.^ 
ounoe  of  nickel  could  be  obtained  :  the  rest  was  convert- 
ed 10  a  kind  of  scoria.  7'his  matter  was  reduced  to 
powder,  mixed  with  charcoal,  and  exposed  for  18 
hours  to  the  strongest  heat  of  a  porcelain  furnxce.  By 
Ihii  means,  under  a  blackish  brown  scoria,  there  was 
found  z  metallic  button  which  weighed  2^  ounces.  It 
was  to  this  metallic  button  thus  obtained  that  Rtchter 
gave  the  name  of  niccolanum. 

1.  hi  colour  is  steel  grey  with   a  shade  of  red.     It   Propittict 
exhibits  a  coarse  granular  structure  when  broken.     It 

is  slightly  malleable  when  cold,  but  not  when  red  hot^ 
It  is  attracted  by  the  magnet,  but  not  so  powerfully  as 
nickel,  though  (according  to  Ritterf)  more  powerful- 
ly than  cobalt.  Its  specific  gravity  alter  fusion  is  8*55  i 
when  hammered  8'00. 

2.  It  dissolves  in  nitric  acid  more  readily  than  nick- 
el. The  solution  has  a  blackish  green  colour;  and, 
when  concentrated,  gelatinizes.  When  the  acid  is  dri- 
ven off",  a  blackish  powder  remains,  which  is  the  per- 
oxide of  niccolanum. 

3.  This  oxide  is  insoluble  in  nitric  acid,  unless  some 
sugar  or  alcohol  be  added  to  the  mixture,  it  dissolves 
in  muriatic  acid,  while  oxymuriatic  acid  exhales.  The 
solution  is  dark  green  ;  when  evaporated  (o  dryness,  it 
assumes  a  red  colour,  but  becomes  again  green  as  it  at- 
tracts moisture  from  the  atmosphere. 

4.  The  sulphate  of  niccolanum  exhibits  the  same 
phenomena. 

5>    Carbonate  of  potash  throws  down  niccoliaam 
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from  its  solutions  of  a  pale  blue  colour ;  pore  pptaihp 
of  a  dark  greenish  blue.  Ammonia  renders  the  sdo- 
tioa  of  niccolaiium  red,  but  occasions  no  precipitate* 

6.  There  arc  two  oxides  of  niccolannm  ;  Che  first  ii 
greenish  blue,  the  second  black.  Neither  of  them  is 
reducible  ptr  jr.  The  last  does  not  combine  with 
acids  *• 


SECT.  XIII. 


OF   TIN. 


Properties. 


J.  liN  was  known  to  the  ancients  in  the  most  re« 
mote  ages.  The  Phoenicians  procured  it  from  Spain  f 
and  from  Britain,  with  which  nations  they  carried  on 
a  very  lucrative  commerce.  At  how  early  a  period 
they  imported  this  metal  we  may  easily  conceive,  if  we 
recollect  that  it  was  in  common  use  in  the  time  of 
Moses  t- 

1.  This  metal  has  a  fine  white  colour  like  silver; 
and  when  fresh,  its  brilliancy  is  very  great.  It  has  t 
slightly  disagreeable  taste,  and  emits  a  peculiar  smell 
when  rubbed. 

2.  Its  hardness  is  G  §.  Its  specific  gravity  is  *i'f91; 
after  hammering,  7'299  If. 

3.  It  is  very  malleable  :  tin  leaf,  or  tinfoil  as  it  is 


♦  GchltnN  Jour.  iv.  391. 

f  Pliny,  lib.  i  v.  cap.  34.  and  lib.  xzxiv.  cap.  47. 

t  Numbers  xxxi.  la.  %  Kirwan'i  Mintr.  vu  194. 

\  Britson. 


Galled,  is  about  x^V?  P^^^  ^^  ^n  it^ch  thick,  and  it  might  ^^p.  \y, 
be  beat  out  into  leaves  as  thin  again  if  such  were  want- 
ed  for  the  purposes  of  art.  Its  ductilitj  and  tenacity 
are  much  inferior  to  that  of  any  of  the  metals  hitherto 
described*  A  tin  wire  -^r.^  inch  in  diameter  is  capable 
of  supporting  a  weight  of  31  pounds  ooly  without 
breaking  *.  Tin  is  very  flexible,  and  produces  a  re- 
markable crackling  noise  when  bended. 

4.  When  heated  to  the  temperature  of  442**  t  it  melts  | 
but  a  very  violent  heat  is  necessary  to  cause  it  to  eva- 
porate. When  cooled  slowly,  it  may  be  obtained  crys- 
tallized in  the  form  of  a  rhomboidal  prism  %• 

II.  When  exposed  to  the  air  it  very  soon  loses  its  Oxldcft 
lustre,  and  assumes  a  greyish  white  colour,  but  under- 
goes no  farther  change ;  neither  is  it  sensibly  altered 
by  being  kept  under  cold  water ;  but  when  the  steam 
of  water  is  made  to  pass  over  red  hot  lis,  it  is  decom- 
posed, the  tin  is  oxidated,  and  hydrogen  gas  is  evol- 
ved $• 

When  tin  is  melted  in  an  open  vessel,  its  surface  bC'* 
comes  very  soon  covered  with  a  grey  powder,  which 
is  an  oxide  of  the  metal.  If  the  heat  be  continued,  the 
colour  of  the  powder  gradually  changes,  and  at  last  it 
becomes  yellow.  When  tin  is  heated  very  violently 
in  an  open  vessel,  it  takes  fire,  and  is  converted  into  i& 
fine  white  oxide,  which  may  be  obtained  in  crystals. 

Mr  Proust  has  demonstrated,  that  tin  is  capable  of 
combining  with  three  different  proportions  of  oxygen, 
and  of  forming  three  oxides  ;  the  two  last  of  which  are 


« 


♦  Muschenbroeck.  f  Crichton,  P6iL  Mag.  X7. 147. 

X  Pajoc,  Jour,  ie  Ptyt,  xxivlii.52. 
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nioallj  dittingaiBbed,  on  account  of  their  colour,  Iqr  A0 

nnmct  of  ihejr^Zbiii  and  the  loUCf  ovtidb  I ;  thouglidit 

first  when  pure  has  a  grej  colour,  and  a  good  deal  of 

the  metallic  lustre. 

9cif  «M&       !•  The  grey  oxide  is  formed  when  tin  ia  ea^oaed  Id 

a  moderate  heat  for  some  time ;  but  in  that  cnae  it  is 

never  pure.    It  nuj,  however,  he  obtained  in  n  Mis 

of  purity  by  the  followii%  method :  Diaaolve  tm  in 

muriatic  acid,  either  by  means  of  heat,  or  by  nddiaf  a 

little  nitric  acid  occasionally.  When  the  solution  is  coifr- 

pleted,  add  to  it  an  excess  of  potash  i  a  white  powder 

falls,  bat  is  partly  taken  up  again.   But  the  remaindrr, 

on  standing,  auumes  a  dark  grey  colour,  and  even  a 

metallic  lustre  ;  this  renuinder  is  pure  grey  oxide  of 

tin  *•    It  is  tasteless,  readily  soluble  in  acids,  and  gsa- 

dually  in  potash ;  and  when  united  to  other  bodies^  it  ah* 

sorbs  oxygen  with  great  avidity.    According  to  the  tto- 

lysis  of  Proust,  lOO  parts  of  an,  when  reduced  to  the 

state  of  grey  oxide,  combine  with  25  of  oxygen.   He&oe 

it  is  composed  of 

80  tin 

20  oxygen 


100 
Ptfoiade.  2.  The  peroxide  may  be  obtained  by  heating  tin  in 

concentrated  nitric  acid.  A  violent  effervescence  en* 
sues,  and  the  whole  of  the  tin  is  converted  into  a  white 
powder,  which  is  deposited  at  the  bottom  of  the  vessel. 
It  is  composed  of  about  28  pacts  of  oxygen  and  72  of 


(I  Ibld«  iSTili.  %T%, 
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tin.  This  oxide  is  not  altered  by  expos\ire  to  the  air. 
It  dissolves  very  readily  in  potash,  and  likewise  in  mu- 
riatic acid. 

3.  The  existence  of  the  thirij  oxide,  which  is  in  fact  I 
I  protoxide  of  tin,  has  been  lately  ascertained  by  Proust, 
though  he  has  not  succeeded  in  obtaining  it  in  a  sepa- 
raie  statCf  nor  in  ascertaining  the  proporiion  of  oxygen 
which  tl  contains.  The  salt  composcdof  muriatic  acid, 
and  the  grey  oxide  of  lin  previously  reduced  to  a  dry 
mass,  was  fused  in  a  retort  and  mixed  nith  sulphur. 
The  oxide  of  tin  was  divided  into  two  parts.  One  por- 
tion sublimed  in  combination  with  the  muriatic  acid,  in 
the  state  of  per*sidc  of  tin,  another  portion  combined 
with  sulphur,  and  formed  the  compound  called  aurun 
I  musivum  or  mosaic  gold.  Pelleiier  had  demonstrated 
tbM  ibe  tin  in  this  compound  \s  in  the  state  of  an  oxide. 
It  is  obvious  from  ihe  espeiiment  of  Proust,  that  it  con> 
tains  less  oxygen  than  the  grey  oxide,  as  it  must  have 
resigned  a  portion  of  the  oxygen  which  it  originally  con- 
tained, in  order  to  convert  the  portion  of  tin  which  sub- 
limed into  peroxide.  This  conclusion  Mr  Proust  con- 
firmed by  several  additional  experiments  *.  But  no- 
thing farther  is  at  present  known  respecting  the  pro- 
perties of  this  protoxide  of  tin. 

III.  Tin  combines  with  sulphur  and  phospho-  ' 
rus  ;  but  it  bai  never  been  united  to  carbon  nor  hy-  i 
drogeii . 

1.  Sulphuret  of  tin  may  be  formed  by  throwing  bits  ■ 
of  sulphur  upon  the  metal  melted  in  a  crucible,  or  by 
fusing  the  two  ingredients  together.     It  is  brittle,  hca- 
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9ookL     ^er  than  lioi  and  Dol  to  fnubk.    Ic  it  oF  a  Ualth  «•• 
i_  loor  and  ItmcUated  stniclure,  and  is  capaUe  of  c^jUd- 

lixing.  According  to  Bergman,  it  is  compoied  of  100 
parts  of  tin  and  20  of  aulpknr  ;  According  to  Pdlctier, 
of  85  parts  of  tin  and  15  of  sttlfrfinr  *•  Pnwal'a  ana- 
IjfMS  coincides  with  tbat  of  Bergman  f^ 

Bo^iliiiKt^        2.  When  equal  parts  of  white  oxide  of  tin  and  anU 

ed  osidCs  « 

phor  are  mixed  together,  and  heated  gradnaUj  m  n  iop 
tort,  some  tnlphnr  aodsnlphurous  add  are  diaeng^ed^ 
and  there  remains  a  substance  composed  of  40  pane  ef 
sulphur  and  60  of  oxide  of  tin,  fbmcrlj  called  mmnm 
musivum,  musicmwif  or  masaumnp  and  now  imijfimnitil^ 
cxide  qf  im.  It  eoosisu  of  beautiful  gold  coloanl 
flakes,  exceedingly  light,  which  adhere  to  the  skia^ 
The  process  for  making  this  substance  waa  fbimcdj  I 
very  complicated.  Pelletier  first  demonstrated  iis  tasL 
composition,  and  was  hence  enabled  to  make  many  i^flr 
poctant  improvements  in  the  manner  of  mannfiKinriaf 
itt*  Its  nature  has  been  still  farther  investigated  byPronst, 
who  has  shown  tbat  the  oxide  in  combining  with  die 
sulphur  loses  a  portion  of  its  oxygen,  and  is  converted 
into  protoxide.  According  to  him  it  contains  a  smaller 
proportion  of  sulphur  than  was  assigned  by  Pelletier. 
Neither  nitric  nor  muriatic  acids  act  upon  it,  but  if 
nhromuriatic  acid  be  boiled  upon  it,  the  mosaic  gold  is 
slowly  converted  into  sulphate  of  tin,  consisting  of  sul- 
phuric acid  combined  with  the  peroxide.  It  explodes 
violently  when  heated  with  twice  its  weight  of  nitre. 
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It  dissolves  in  liquid  potash  when  assisted  by  heat.  The  Chap.  IV. 
solution  is  greenish.  It  appears  from  the  e2q)eriment9 
of  Proust,  that  during  this  solution  water  rs  decom- 
posed; the  oxygen  of  whith  converts  the  tin  to  a  per- 
oxide, while  its  hydrogen  combining  with  the  sulphur 
forms  sulphureted  hydrogen,  which  unites  with  the  per- 
oxide *. 

3.  Phosphuret  of  tin  may  be  formed  by  melting  in  a  Phcxph* 
crucible  equal  parts  of  filings  of  tin  and  phosphoric  glass. 
Tin  has  a  greater  affinity  for  oxygen  than  phosphorus 
has.  Part  of  the  metal  therefore  combines  with  the  ' 
oxygen  of  the  glass  during  the  fusion,  and  flics  off  in  the 
state  of  an  oxide,  and  the  rest  of  the  tin  combines  with 
the  phosphorus.  The  phosphuret  of  tin  may  be  cut 
with  a  knife  ;  it  extends  under  the  hammer,  but  sepa- 
rates in  laminae.  When  newly  cut,  it  has  the  colour 
of  silver ;  its  filings  resemble  those  of  lead.  When 
these  filings  are  thrown  on  burning  coals,  the  phospho-  > 
rus  takes  fire.  This  phosphuret  may  likewise  be  form- 
ed by  dropping  phosphorus  gradually  into  melted  tin. 
According  to  Pelletier,  to  whose  experiments  we  are  in- 
debted for  the  knowledge  of  all  the  piiosphurets,  it  is 
composed  of  about  85  parts  of  tin  and  15  of  phospho- 
rus f.  Margraf  also  formed  this  phosphuret,  but  he 
was  ignorant  of  its  composition. 

IV.  Tin  does  not  combine  with  azote  nor  muriatic 
acid ;  though  the  last  substance  converts  it  into  an 
oxide. 

V.  Tin  is  capable  of  combining  with  most  of  the  me«  AUoyt  with 


*  See  Proust,  NiclK^son*!  Joun  xiv.  42. 
f  Aim,  de  Cbim,  xilL  1X6. 
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JS¥^^    tel%  tad  icmie  of  iu  albjt  ue  nuMh  eoipkjed*    Tht 

^  '  \  y^  greater  number  of  them  are  britde.    The  oldec  iMld- 

lorgiflta  considered  it  at  •  |wofettj  of  tin  to.  randcr 

other  mettls  brittle.    Hence  they  ctlkd  it  Anfcifcr  «^ 

Mi*  }•  It  ttoitet  retdilj  with  gold  bj  fotion,  and  wn 

tnpposed  bj  the  older  chemistt  to  have  the  |wopcity 
pf  commimicating  brittleneit  to  the  alloy  in  bow  tovtlb 
n  portion  toerer  it  wtt  united  to  the  preciona  melali 
bat  later  and  more  precipe  e;iperimentt  have  thona 

»  that  thit  opinion  wag  ill  foonded*  The  miatake  was 
lurtt  removed  b^  Mr  Alchome»  in  a  set  of  ejtpciimmi 
on  this  alloy  published  in  the  Philosophical  Tranitf^ 
(ions  for  1784  \  and  these  have  been  amply  ooofiraiei 
by  the  subsequent  trials  of  Mr  Hatcbett.  An  alloy  of 
)1  gold  and  one  tin  has  a  very  pale  whitish  oolov$ 
brittle  when  thick  i  b^t  when  cast  thio^itbenda  eaalfi 
but  breaks  when  passed  between  rollers,  Tliefino- 
fure  is  fine  grained,  and  has  an  earthy  appearance.  The 
apecific  gravity  of  this  al}oy  was  ll'SOl.  The  bulkof 
the  twp  metals  bcfpre  fusion  being  reckoned  lOOQf 
after  fusiop,  it  was  reduced  to  981 ;  so  that  the  metals 
contract  very  considerably  by  uniting  together  f.    When 

*  gold  was  made  standard  by  equal  parts  of  tin  and  cop- 
per, an  alloy  was  obtained  of  a  pale  yellow  colour,  as4 
brittle  ;  but  whcfi  tho  tin  amounted  only  to  ^  of  the 
yrhole,  the  alloy  was  perfectly  ductile  %•  Indeed,  from  tb^ 
experiments  of  Mr  Alchome,  we  learn,  that  when  gold  if 
alloyed  with  no  more  thauy^th  of  tip,  it  retains  iu  4bc« 


*  See  ]I^mul1er*8  Chemhtry^  p.  331. 
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iility  sufficiently  to  be  rolled  and  stamped  in  the  usual  Chap.  IV. 
way.  But  MrTillet  showed,  as  was  indeed  to  have  been 
cxpecteJ,  that  when  heated  to  redness,  it  falls  to  pieces, 
owing  to  the  fusion  of  (he  tin.  Both  of  these  facts 
have  been  conSrmed  by  the  late  experiments  of  Mr 
BiDgley.  He  found  that  an  alloy  of  gold  with  ^th  of 
tin,  when  annealed  in  a  red  heat,  just  visible  by  day- 
light, which  is  equal  to  5°  of  Wedgewood,  was  quite 
ductile,  and  capable  of  being  worked  into  any  form  ; 
but  when  heated  to  a  cherry  red,  or  to  10°  Wedge- 
wood,  b,  sters  began  to  appear  on  the  surface  of  the 
bar ;  its  edges  cuiled  up ;  and  at  last  it  lost  ils  conti- 
nuity, and  fell  inio  a  dart- coloured  mass,  with  little  of 
the  metallic  lustre*. 

2.  From  the  experiments  of  Dr  Lewis  we  learn,  that  PUtiwum, 
tin  and  platinum  readily  melt,  and  form  an  alloy  which 

is  brittle  and  dark  coloured  when  the  proportions  of  the 
two  metals  are  equnl,  and  coniinues  so  till  the  plati- 
num amounts  only  to  ^th  of  the  alloy;  after  this  the 
ductility  and  white  colour  increase  as  the  proportion  of 
platinum  diminishes.  When  this  alloy  is  kept,  its  sur- 
face gradually  lamishes  and  becomes  yellow,  but  not 
so  readily  if  it  has  been  polished  f. 

3.  The  alloy  of  silver  and  tin  is  very  brittle  and  Sil»ef, 
hard.  It  was  e:camined  by  Kraft  andMuscheabiocck. 
According  to  them,  one  part  of  tin  and  four  of  silver 
foim  a  compound  as  hard  as  bronze.  The  addition  of 
fBore  tin  softens  the  alloy.  It  has  a  granular  appear- 
ance, and  is  easily  oxidized.     According  to  Gellett, 
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Ami  omUAi  coatnict  in  vDttmg*.  Mi-HiU^irfaMi 
vMt  fllvci  nitdc  stMidtfid  b]r tiiK  wis  biittlcy  uddU 
Mtrioywettf. 

4b  Mercofy  ditsolves  tin  TeryreMKfif^cdU;  md.tlMe 
aMttds  iBftj^be  combined  in  anjr  proportion  tj-  pourin 
mefcovf  into  mdted  tin.  The  tmalgam  of  tin,  ivhn 
composed  of  three  parttof  metenrjanftooeof  tiir,a7» 
tdiiw»  in  the  fbn»  of  cobeSy  ateofding  to  DsabeMM ; 
tat^  aocoidii^  to  Sage,  in  grej  brStant  aqoare  phtei^ 
iUm  towaida  the  edge%  and  attached-  to  each  other,  ae 
,        Ait  Ae  earities  between  them-  ane  pofygoilial. 

This  alloj  iH'med  in  iaFvmirjrtfae-backa  of  looiuD| 

glaMMv    A  sheet  of  tinfen  it  apread  npcMT  m  taUe^  aid 

.    mercury  rubbed  upon  it  with  a  bareV  foot,  tiH  fSae  two 

<(»^>'--'f  iMtals  ineorponrt e ;  then  a  plafb  6f  glass  is  slidtm 

i|»  and  kept  down  with  wdghta.    -The  ezceaa  of  mow 

enij.  is  driven  off,  and  in  a  short  time  the  tinfinl  ad> 

'         Iwwea  to  the  glass  antf  convert  ft  into  a  mirror  j:. 

ipjpp^j  5«  Tin  unites  rerj  readily  with  copper,  and  forms 

,  an  alloy  exceedingly  useful  for  a  great  variety  of  pnr- 

poaes.    Of  this  alloy  cannons  are  made:  bell  mttal^ 

hronxe,  and  the  mirrors  of  telescopes,  are  formed  of 

different  proportions  of  the  same  metals.    The  addition 

of  fin  diminishes  the  ductility  of  copper,  and  increases 

its  hardness,   tenacity,    fusibility,   and    sonorouSkiess. 

The  specific  gravity  of  the  alloy  rs  greater  than  tM 

atean  density  of  the  two  metals*     It  appears  from  the 

experiments  of  Mr  Briche,  that  this  augmentation  of 


a  MefaHurgie  Cbem.  p.  14a  f  On  the  AB^ys  of  Gold,  p«  33. 

%  See  Wat8on*8  Cbtm,  Elstsys,  p.  14a  Dr  M' ataon  has  rendered  ii 
probable  that  the  art  of  formiDg  mirron  by  coatirg-  glaw  with  a  plate 
of  metal,  waa  known  at  leait  at  early  a»  the  first  century. 


density  -incrcaies  with  the  tin ;  and  that  the  specHic  Chap  rv. 
gravity,  when  the  alloy  contvnt  lOO  pans  of  copper 
and  16  of  tin,  is  a  maximum  :  it  is  8*87.  The  specific 
gravity  of  equal  parts  of  tin  and  copper  is  S'79,  but 
it  ought  only  to  be  3  ;  consequently  the  density  is  in- 
creased U'19  *•  In  order  lo  mix  the  two  mrtah  ex- 
actly, they  ought  to  be  kept  a  long  time  in  fuiion,  and 
constantly  slitrefl,  otherwise  the  greater  part  of  the  cop- 
per will  iink  to  the  bottom,  and  the  greater  part  of  the 
tin  rise  to  the  surface  ;  and  iliere  will  be  formed  two 
difiereot  alloys,  one  cotnposed  of  a  great  proportion  o( 
copper  combined  with  a  smaH  quantity  of  tin,  the  other 
of  a  great  proportion  of  tia  alloyed  with  a  small  quafi- 
tiiy  of  copper. 

Bronze  and  the  metal  of  cannons  are  composed  oC  Guo  noA 
from  8  to  12  parts  of  tin  combined  with  lOD  parts  of  > 

copper.  This  alloy  is  brittle,  yellow,  heavier  than 
copper,  and  has  much  more  tenacity  ;  it  is  much  more 
fusible,  and  less  liable  to  be  altered  by  exposure  to  the 
air.  It  was  this  alloy  which  the  ancients  used  for 
sharp-edged  instruments  before  the  nvelhod  of  working 
irou  was  brought  to  perfection.  The  x"'-'^'  of '  the 
Greeks,  and  perhaps  the  orj  of  the  Romans,  was  no- 
thing else.  Even  their  copper  coins  contain  a  mixtnra 
of  tin  +. 

The  term  Ara//  is  often  applied  to  this  alloy,  though^ 
in  a  strict  sense,  it  means  a  compound  of  copper  and 
line.  Brass  guns  are  made  in  no  other  part  of  Bri- 
tain except  Woolwich.  The  proportion  of  tin  va- 
ries from  S  to  12  to  tbs  100  of  copper ;  the  purest  cop- 


per.f«qiitrfogmeiiiot^«iddieeMnattibe|^ifll.  TUt 
db^^jt  more  1QB8RIIIS  tbtB  if€o;  hcDoe  fcffiM  gmn  p^ 
•  wumk  koder  report  thsftdwie  n^de  of  out  mm\ 
■  Boll  flDietal  is  iisodlj  oompooed  of  dnce  MM  df 
ooppcr  nd  one  part  of  tb.  Its  colour  i»  grejiih  niile^ 
it  it  Ttrj  hardy  tonorou^  lad  elattk.  The  gn|l>r 
pmt  of  the  tin  maj  be  icporeted  hj  adtiag  Ae  dkf, 
«od  then  ponrmg  a  little  water  on  it.  The  tk 
the  water,  is  ondizedf  and  thrown  open  the 
Aocordiog  to  Swedenbnrg,  the  English  bell  aneld 
Is  Qsnallj  made  from  the  soori»  of  the  braas  gnn  fiBsn- 
daiyy  mel^  over  again  t*  Thrf^prDporfiyn  of  th  is 
ban  metal  Tariet.  Less  tin  is  used  far  chorehbcUsihm 
dodc  bells ;  and  in  small  belli^  as  those  of  wntcfao^  s 
,%K  .  little  xinc  is  added  to  the  alloj  }•  According  to  CSo> 
berty  the  roncfr  of  the  East  Indians  is  compoaed  of  lk 
and  copper,  in  the  ssme  proportions  as  in  bell  metal}. 
The  alloy  used  fiwr  the  mirrors  of  telescopes  was  €m» 
plojred  bj  the  ancients  for  the  composition  of  their  mir- 
tors.  It  consists  of  about  two  parts  of  copper,  united 
to  one  part  of  tin.  Mr  Mndge  asctrtsii^ed  that  the  bcrt 
proportions  were  32  copper  to  14*5  of  tin ;  a  spednwa 
of  an  ancient  mirror  analysed  by  Klaproth  was  coo* 
posed  of 

es  copper 
32  tin 
8  lead 

100 
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Bui  the  lead  he  coDsiders  as  accidental*.  This  alloy  is    Ctap. IV. 
verj  hard,  of  (he  colour  o(  sieel,  and  admits  of  a  fine 
polish.     But  besides  this,  there  are  many  other  com- 
pounds often  used  for  the  same  purpose  f. 

Vessels  of  copper,  especially  when  used  as  kitchen  "^""^ 
Utensils,  are  usually  covered  with  a  thin  coal  of  tin  to 
prevent  the  copper  from  oxidating,  and  to  preserve  the 
food  which  is  prepared  in  them  from  being  mixed  with 
any  of  that  poisonous  metal.  These  vessels  are  then 
said  to  be  tinned.  Their  interior  surface  is  scraped 
Tery  clean  with  an  iron  instrument,  and  rubbed  over 
with  sal  araoioniac.  The  vessel  is  then  heated,  and  2 
little  pitch  thrown  into  it,  and  allowed  to  spread  on  the 
surface.  Then  a  hie  of  tin  is  applied  all  over  the  hot 
copper,  which  instantly  assumes  a  silvery  whiteness. 
The  intention  of  the  previous  steps  of  the  process  is  to 
have  the  surface  of  the  copper  perfectly  pure  and  me- 
tallic ;  for  tin  will  not  combine  with  the  oxide  of  cop- 
per. The  coat  of  tin  thus  applied  is  exceedingly  thin. 
Bayen  ascertained,  that  a  pan  nine  inches  in  diameteh, 
and  three  inches  three  lines  in  depth,  when  tinned,  only 
acquired  an  additional  weight  of  21  grains.  Nor  ia 
there  any  method  of  making  the  coat  thicker.  More 
tin  indeed  may  be  applied  ;  but  a  moderate  heat  melts 
it,  and  causes  it  to  run  off. 

6.  Tin  does  not  combine  readily  with  iron.     Anal-   Uta, 
lay,  however,  may  be  formed,  by  fusing  them  in  a  close 
crucible,  completely  covered  from  the  external  air.  We 
ace  indebted  to  Bergman  for  the  most  precise  czpcii- 


V  ftU,  Mag.  nli.  sD4. 

^See  Ifaiirrtirg,  i,  ail,  and  WWwo's  Citm.  Zh^j,  ir.  139. 
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Book  I.  ments  on  this  silloj.  When  the  twa  metals  were  fmed 
T_  ^  *  together,  he  always  obtained  two  distinct  allojs :  the 
^nt,  composed  of  21  parts  of  tin  and  one  part  of  iron; 
the  second,  of  two  parts  of  iron  and  one  part  of  tin. 
Hie  first  was  very  malleable,  fiarder  than  tin,  and  not 
so  brilliant ;  the  second  but  moderately  malleable,  and 
too  hard  to  yield  to  the  knife  *, 
Tioplate.  The  formation  of  tinplate  is  a  sufficient  proof  of  the 

afBnity  between  these  two  metals.  This  Tery  nsefiil 
alloy,  known  in  Scotland  by  the  name  of  wbitt  wm,  a 
formed  by  dipping  into  roehed  tin  thin  plates  of  iron, 
thoroughly  cleaned  by  rubbing  them  with  sand,  and 
then  steeping  them  24  hours  in  water  acidulated  by 
bran  or  sulphuric  acid*  The  tin  not  only  covers  the 
surface  of  the  iron,  but  penetrates  it  completely,  and 
gives  the  whole  a  white  colour.  It  is  usual  to  add  about 
-r^th  of  copper  to  the  tin,  to  prevent  it  from  forming 
too  thick  a  coat  upon  the  iron  f . 


SECT.  XIV. 


or     LEAD. 


I.  LiEAD  appears  to  have  been  very  early  known.     It 
is  mentioned  several  times  by  Moses.     The   ancients 
seem  to  have  considered  it  as  nearly  related  to  tin. 
Pnmeitict.         ^'  Lead  is  of  a  bluish  white  colour;  and  when  newly 
melted  is  very  bright,  but  it  soon  becomes  tarnished  by 


Bergman,  iii.  471.  f  Sec  Watson's  CBem.  Essay,  iv,  191. 


LEAD.  S7t 

exposure  to  the  air.     It  has  scarcely  any   taste,  but     C;^^  IV. 
emits  on  friction  a  peculiar  smell.      It  stains  paper  or 
the  fingers  of  a  bluish  colour.     When  taken  internally 
it  acts  as  a  poison. 

2.  Its  hardness  is  5t;  its  specific  gravity  is  11*3523  *• 
Its  specific  gravity  is  not  increased  by  hammering  ;  so 
£ar  from  it,  tbsu  Muschenbroeck  found  lead  when  drawn 
out  into  a  wire,  or  long  hammered,  actually  diminished 
,  in  its  specific  gravity.  A  specimen  at  first  of  ttt^  spe- 
cific gravity  ll*41Py  being  drawn  out  into  a  fine  wire^ 
was  of  the  specific  gravity  11*317  ,  and  on  being  ham- 
mered, it  became  11*2187  :  yet  its  tenacity  was  nearly 
tripled! . 

3.  It  is  very  malleable,  and  may  be  reduced  to  very 
thin  plates  by  the  hammer ;  it  may  be  also  drawn  out 
into  wire,  but  its  ductility  is  not  great.  Its  tenacity  is 
such,  that  a  lead  wire  ^^-t  ^^^^  diameter  is  capable  of 
supporting  only  18*4  pounds  without  breaking. 

4.  From  the  late  experiments  of  Mr  Crichton  of 
Glasgow  we  learn,  that  lead  melts  when  heated  to  the 
temperature  612^  t*  When  a  very  strong  heat  is  ap- 
plied the  metal  boils  and  evaporates.  If  it  be  cooled 
slowly,  it  crystallizes.  T^ie  Abbe  Mongez  obtained  it 
in  quadrangular  pyramids,  lying  on  one  of  their  sides. 
Each  pyramid  was  composed,  as  it  were,  of  three  layers. 
Pajot  obtained  it  in  the  form  of  a  polyhedron  with  32 
sides,  formed  by  the  concourse  of  six  quadrangular  py- 
ramids §• 


3S 


*  BriMon.  Fahrenheit  found  it  z  1*3500,  Phil.  Trans.  1714.  Vol. 
zxxiii.  p*  1 1^  I  found  a  ipccinien  of  milJed  lead  1 1*407  at  the  tempera* 
ture  of  64*.  f  Wasicrbtrgy  i.  44 1. 

I  FbiL  Mag.  zvi.  49.  5  7^"^*  ^  ^h**  sxzTiil  53. 
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BM>k  1.         IL  When  exposed  to  the  air  it  loon  loses  its  Imtrr^ 
i_    ^  and  acquires  first  a  dirtj  grey  colour,  and  at  last  its  nr** 

^^^^^  face  becomes  almost  white.  This  is  owing  to  iu  gra. 
dual  combination  with  oxygen,  and  conversion  into  u 
oxid :  but  this  conversion  is  exceedingly  slow ;  the 
external  crust  of  oxide,  which  forms  first,  preserving 
the  rest  of  the  metal  for  m  long  time  from  the  action  of 
the  mir* 

Water  has  no  direct  action  upon  lead ;  but  it  facili* 
tates  the  action  of  the  external  air  :  for,  when  lead  is 
exposed  to  the  air,  and  kept  constantly  wet,  it  is  oxida- 
ted much  more  rapidly  than  it  otherwise  would  bCi 
Hence  the  reason  of  the  white  crust  which  appears  upon 
the  sides  of  leaden  vessels  containing  water,  just  at  the 
place  where  the  upper  surface  of  the  water  usually  ter« 
minates. 

It  is  believed  at  present,  that  lead  is  capable  of  uniun; 
with  at  least  four  doses  of  oxygen,  and  of  forming  fonr 
different  oxides. 
Yellow  01-        1'  ^^^  yellow  oxide  of  lead,  which  has  been  longest 
***•  known,  and  most  carefully  examined,  may  be  obtained 

by  dissolving  lead  in  a  sufficient  quantity  of  nitric  acid, 
so  as  to  form  a  colourless  solution,  and  then  supersatu- 
rating it  with  carbonate  of  potash.  A  white  powder 
falls,  which  wlien  dried,  and  heated  nearly  to  redness,  as- 
sumes a  yellow  colour.  It  is  pure  ye/Iow  oxide  ofUai* 
This  oxide  is  tasteless,  insoluble  in  water,  but  soluble 
in  potash  and  in  acids.  It  readily  melts  when  heated, 
and  forms  a  yellow,  semi-transparent,  brittle,  hard  glass. 
In  violent  heats  a  portion  of  it  is  dissipated.  When 
kept  heated  in  the  open  air,  its  surface  becomes  brick  red. 
According  to  Proust,  it  is  composed  of  91  lead  and  aiai 


t>3cygtn  *.    My  analysis  gave  69*7  lead,  10*3  03^ygcfl  j-.    Qii^lT, 
I  f  we  coiksider  the  mean  of  these  ttvo  results  as  nearest 
the  truth,  we  shall  have  yellow  oxide  of  lead  composed 
of  about 

QO'5  lead 
9*5  oxygen 


100-0 

Or  100  parts  of  lead,  when  converted  into  yellow  Okide^ 
unite  with  10*6  of  oxygen. 

But  Bucholz,  who  has  repeated  the  analysis  with  much 
care,  and  Upon  a  much  greater  quantity  of  lead  than  I 
em  ployed,  obtained  for  the  result  yellotv  oxide,  composed 
of  i  00  lead  and  8  oxygen  If. 

When  lead  is  kept  melted  in  an  open  vessel,  its  sur- 
face is  soon  covered  with  a  grey  coloured  pellicle. 
When  this  pellicle  is  removed,  another  succeeds  it ; 
and  by  continuing  the  heat,  the  whole  of  the  lead  may 
90on  be  converted  into  this  substance.  If  these  pel- 
licles be  heated  and  agitated  for  a  short  time  in  an  open 
vessel,  they  assume  the  form  of  a  greenish  yellow  pow* 
der«  Mr  Proust  has  shown  that  this  powder  is  a  mix- 
ture of  yellow  oxide  and  a  portion  of  lead  in  the  me« 
tallic  state.  It  owes  its  green  colour  to  the  blue  and 
yellow  powders  which  are  mixed  in  it.  If  we  continue 
to  expose  this  powder  to  heat  for  some  time  longer  in 
an  open  vessel,  it  absords  more  oxygen,  assumes  a  yel- 
low colour,  and  is  then  known  in  commerce  by  the 
name  of  massuot.     The  reason  of  this  change  is  obvi* 


#  Jour,  de  Pbyt,  Ivl  206,  f  Nicholfon*!  /«i^r.TW.  aSj, 

1  Gchlcn's  Jour.  ▼.  459. 
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^^  *•      0U8 :   The  metallic  portion  of  the  powder  graduallj  a6» 

<i  V  f  sorbs  oxygen,  and  the  whole  of  course  is  coaverted  into 
yellow  oxide. 

Whlcelead.  When  thin  plates  of  lead  are  esposed  to  the  vapou 
of  warm  vinegar,  they  arc  gradually  corroded,  and  coo- 
verted  into  a  heavy  white  powder,  used  as  a  paint,  mi 
called  white  lead.  This  powder  used  formerly  to  be 
considered  as  a  peculiar  oxide  of  lead;  but  it  is  now 
known  that  it  is  a  compound  of  the  yellow  oxide  tod 
carbonic  acid. 

rrotoxidc  o-^  Yellow  oxide  of  lead  was  formerly  considered  bj 
chetnistsas  lead  combined  with  a  minimum  of  oxygen^ 
but  Mr  Proust  has  pointed  out  the  following  method  of 
procuring  an  oxide  containing  a  still  smaller  proportion 
of  oxygen  :  Dissolve  lead  in  nitric  acid,,  and  boil  the 
crystals  which  that  solution  yields  along  with  pieces  of 
metallic  lead.  The  consequence  is  the  formatioD  of 
scaly  crystals  of  a  yellow  colour,  brilliant^  and  vety 
soluble  in  water.  These  crystals,  according  to  Proost^ 
are  composed  of  the  protoxide  of  lead  combined  with 
nitric  acid. 

Upon  repeating  Proust's  ex^jcriment,  and  decompo- 
bing  the  yellow  salt  by  means  of  potash,  and  examioiog 
the  oxide,  it  presented  the  same  properties  nearly  as 
the  yellow ;  and  when  combined  with  nitric  add^ 
yielded  almost  the  same  quantity  of  salt  as  the  yellow. 
The  utmost  difference  was  such  only  as  to  indicate 
Proust's  protoxide  to  be  composed  of 

91-5  lead 
8*5  oxygen 


100-0 
A  diSerence  so  small  that  I  was  disposed  to  considtf 
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it  as  an  error  in  the  experimtnt^  and  to  ascril>e  the  di^*    C1i«p.lV>^ 

ference  between  Proust ^s  jellow  salt  and  common  nU 

trate  of  lead  to  an  alteration  in  the  proportion  of  acid. 

But  upon  reconsidering  the  subject,  the   phenomena 

scarcely  appear  compatible  with  that  supposition  ^     At 

any  rate,  my  experiments  are  insufficient  to  demonstrate 

Xhe  identity  oC  the  two  c^des.     We  must  therefore  at 

present^  I  think,  consider  Proust^s  oxide  as  distinct,  and 

as  containing  a  very  little  less  oxygen  than  the  yellow. 

It  is  therefore  z  protoxide  oflead^ 

3.  If  ma«sicot|  ground  to  a  fine  powder,  be  put  into  a  Redotl^^ 
furnace,  and  constantly  stirred  While  the  flame  of  the 
.burning  coals  plays  against  its  surface,  it  is  in  about 
48  hours  converted  into  a  beautiful  red  powder,  known 
by  the  name  of  minium  or  red  tend  **  This  powder^ 
ivhich  is  likewise  used  as  a  paint,  and  for  various 
other  purposes,  is  the  triisxide  or  red  oxide  of  had. 

Red  lead  is  a  tasteless  powder^  of  an  intense  red  coi* 
lour^  often  inclining  to  orange,  and  very  heavy ;  its 
specific  gravity^  according  to  Muschenbroeck,  being 
8:940.  It  loses  no  sensible  weight  in  a  heat  of  40t)^  } 
but  when  heated  to  redness,  it  gives  out  oxygen  gas,  and 
gradually  runs  Into  a  dark  brown  glass  of  considerable 
hardness.  By  this  treatment  it  loses  from  four  to  seven 
parts  in  the  hundred  of  its  weighty  and  a  part  of  the 
lead  is  reduced  to  the  metallic  state*  Red  lead  doea 
not  appear  to  combine  with  acids.  Many  acids  indeed 
act  upon  it,  but  they  reduce  it  in  the  first  place  to  the 


•  See  an  account  of  the  method  of  mahnfactariDg  rA//(Mtf  la  Wataoa^i 
Chemitai  Essays,  iil  338.  ^ 
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rS^^'t     State  of  yellow  oxide.     Ttrom  my  trials,  this  oxide  is 
*■'■    M         composed  of 

88  lead 

12  oxygea 

100 
Hence  100  parts  of  lead  in  b^foming  red  lead  combtae 
with  13*6  of  oxygen. 
PiTosidc.  4.  If  nitric  acid,  of  the  specific  gravity  1*200|  be 

poured  upon  the  red-coloured  oxide  of  lead,  185  parts 
of  the  oxide  are  dissolved  ;  but  15  parts  remain  in  the 
state  of  a  black  or  rather  deep  brown  powder  *•  This 
is  the  peroxide  or  brewn  oxide  of  lead^  first  discovered 
by  Scheele.  The  best  method  of  preparing  it  is  the 
following,  which  was  pointed  ont  by  Proust,  and  after- 
wards  still  farther  improved  by  Vauqueltn  :  Pat  a 
quantity  of  red  oxide  of  lead  into  a  vessel  partly  filled 
with  water,  and  make  oxyrouriatic  acid  gas  pass  into 
it.  The  oxide  becomes  deeper  and  deeper  coloured, 
and  is  at  last  dissolved.  Four  potash  into  the  solutioD*, 
and  the  brown  oxide  of  lead  precipitates.  By  this  pro- 
cess 68  parts  of  brown  oxide  may  beobtained  for  everjr 
100  of  red  oxide  employed  !• 

This  oxide  is  a  tasteless  powder  of  a  fiea-brown  co- 
lour, and  very  fine  and  light.  It  is  not  acted  on  bj 
sulphuric  or  nitric  acids.  To  muriatic  acid  it  gives 
out  oxygen,  and  converts  it  into  oxjmuriatic  acid. 
When  heated  it  gives  out  0  per  cent,  of  oxygen,  and  is 
converted  into  yellow  oxide.     Proust's  analysis  makes 


\X  -» 


I 


♦  SchecIe,  i.  lij.  and  Prouftj  Ain.  i^  Chiv.  xxtii-  9<J. 
t  l'*nrs.r>y,  iv.  92. 


it  a  compound  of  ID  lead  and  21  oxygen;  mine.ofSl-B     Chap,  i  v. 
]cad  and  18*4  oxygen.      The  mean  of  both  givci  Ut 
tbis  oxide  composed  af  about 

8U  lead 

£0  oxygen 


Hence  100  parts  of  lead 
sorb  25  parts  of  oxygen. 

5.  All  tiie  oxidesot  Icadan 
glass  i  and  in  that  btaie  ihey 


bccomisg  fcrowa  oxide  xb* 


veryeasily  converted  into  Cupdli- 
oxidize  and  combine  wiih 
X  all  the  other  metaU  except  gold,  jilatinum,  sil- 
ver, and  the  metals  recently  discDvetcd  in  crude  jila- 
ttna.  This  propenj  renders  lead  exceedingly  useful 
ia  separating  gold  and  silver  from  the  buser  metals 
fvith  which  they  happen  to  be  contaminated.  The  gold 
or  silver  to  be  purified  is  melted  along  with  leadr^nd 
kept  for  some  time  in  that  state  in  a  flat  cup,  called  a 
cufii,  made  of  burnt  bones,  and  the  aslies  of  wood.  The 
lead  is  gradually  viiri£ed,  and  sinks  into  the  cupel,  car- 
rying along  with  it  all  the  meials  which  were  mixed 
with  the  silver  and  gold,  and  leaving  these  meiala  on 
the  cupel  in  a  stale  of  purity.     This  process  is  called 

e.  Lead  when  first  extracted  from  its  ore  always  con-  n,)^;^ 
tains  a  certain  portion  of  silver,  variable,  according  to  tt»it 
the  ore,  from  a  few  grains  to  20  ounces  or  more  in  the 
fodder.  When  the  silver  contained  in  lead  is  suffi- 
cient to  repay  the  expence,  it  is  usual  to  separate  iti  and 
tbe  process  is  known  by  the  name  ai  rijininf  the  lead. 
Tbe  lead  is  placed  gr.idually  upon  a  very  large  Hat  dish 
called  a  test,  made  by  beating  a  mixture  of  burnt  bones 
and  feru  ashes  into  an  iioa  hoop,  and  scooping  out  the 
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Bookr. 


IMhargt, 


Union  with 

combiuti- 

blei. 


Flioiphii« 
rcL 


Sulpbnret 


surface  to  a  certain  depth*  Being  acted  'Upon  hj  Atf 
fUme  of  the  furnace,  it  gradually  asftome^  a  kind  of 
a  vi  triform  state,  and  is  blown  off  the  test,  or  noks 
into  it,  while  the  silver  remains  unaltered.  The  lead 
bj  this  process  is  converted  into  the  substance  called 
litharge.  As  it  is  thrown  off  in  a  melted  state,  the 
litharge  at  firbt  coheres  in  masses,  but  it  gradually  falls 
down  by  exposure  to  the  air,  and  then  consists  of  ine 
scales,  partly  red  and  partly  of  a  golden  yellow.  It 
consists  of  yellow  oxide  of  lead  combined  with  a  cer- 
tain portion  of  carbonic  acid*. 

III.  Lead  has  not  yet  been  combined  with  carbon 
nor  hydrogen  ;  but  it  combines  readily  with  sulphur 
and  phosphorus. 

1.  Phosphuret  of  lead  may  be  formed  by  mixing  to* 
gether  equal  parts  of  filings  of  lead  and  phosphoric 
glass,  and  then  fusing  them  in  a  crucible.  It  may  be 
cut  with  a  knife,  but  separates  into  plates  when  ham- 
mered. It  is  of  a  silver  white  colour  with  a  shade  of 
blue,  but  it  soon  tarnishes  when  exposed  to  the  air. 
This  phosphuret  may  also  be  formed  by  dropping  phos- 
phorus into  melted  lead.  It  is  composed  of  about  12 
parts  of  phosphorus  and  88  of  lead  f. 

2.  Sulphurct  of  lead  may  be  formed,  cither  by  stra- 
tifying its  two  component  parts  and  melting  them  in  a 
crucible,  or  by  dropping  sulphur  at  intervals  on  melted 


•  Some  improvements  in  the  method  of  separating:  silver  from  lead  bjr 
Cupellation  may  he  seen  in  a  disscnation  by  Duhamcl,  published  in  the 
3d  V©1.  of  the  Memoin  ie  V  Uiiitmte^  p.  406,  They  had  been  prcvioudy 
practised  in  this  country. 

I  I'cllcticr,  Ann^dc  Qhim.  ziii.  1x4. 


lead.     The  sulphuret  t)f  lead  is  brittle,  brilliant,  of  a   .^^f*^^ 
^eep  blae  grey  colour,  and  mnch  less  fusible  than  lead.       "  "•     ^ 
These  two  substances  are  often  found  naturally  com* 
bined  ;    the  compound  is  then  called^/7/if/y/},  and  is  u« 
sually  crystallised  in  cubes«    The  specific  gravity  varies 
aomewhat,  but  is  not  much  betow  7. 

Lead  appears  capable  of  uniting  with  two  dii^ent 
proportions  of  sulphur.  With  the  minimum  it  forms  jw/- 
j^&smfif  of  lead,  which  is  the  common  galena  of  minera- 
logists. It  is  composed  of  about  86  lead  and  1 4  suU 
pfaur;  or  100  parts  of  lead  in  the  sulphiifet  are  conw 
bined  with  about  l^  of  sulphur.  ! 

Besides  this  common  sulpliuret  of  lead  there  occurs  SupersnV 
another  occasionally,  lighter  in  colour,  ami  more  bril- 
liant, whichiburnis  in  the  flame  of  a  candle,  or  when  put 
upon  burning  coals,  emiting  a  blue  flame.'  It  contains 
at  least  2b per  cetU.  or  ^-th  of  its  weight  of  sulphur*  It 
is  therefore  a  super- sulphuret  of  lead.  This  variety 
lias  not  hitherto  been  noticed  by  mineralogists,  neither 
has  it  been  made  artificially  by  cljemists% 

IV.  Lead  does  not  combine  with  azotic  gas.    Muria- 
tic acid  gradually  corrodes  it,  and  converts  it  into  a 

white  coloured  oxide. 

« 

V.  Lead  is  capable  of  combining  with  most  of  the 
metals. 

!•  When  11  parts  of  gold  are  melted  with  one  6f  Alloytwith 
lead,  an  alloy  is  formed,  which  has  externally  the  co- 
lour of  gold,  but  is  rather  more  pale.  It  is  exceedingly 
brittle,  breaking  like  glass,  and  exhibiting  a  fine-graip- 
ed  fracture,  of  a  pale  brown  colour,  without  any  me- 
tallic lustre,  and  having  the  appearance  of  porcelaift. 
The  brittleness  continues  even  when  the  proportion  of 
lead  is  so  far  diminished  that  it  amounts  only  (o  t?  i^th 
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Book  U     q{  tjjc  alloy.     Even  the  fumes  of  lead  mrc  suficieni  td 

PtvMOn  I.  ^  ... 

destroy  (ht  ductility  of  gold.  The  specific  gravity  ot 
the  alloy  of  ll  gold  and  ooe  lead  is  1 8*080,  which  » 
somewhat  less  than  the  mean  ;  so  that  the  metals  under* 
go  an  expansion.  This  expansion  increases  as  the  lead 
diminishes  (the  gold  remaining  the  same,  and  the  dcfi- 
ciency  being  supplied  by  copper)^  and  becomes  a  max- 
imum when  the  lead  amounts  only  to  ^^th  of  the  •]• 
loy.  The  following  Table  exhibits  a  view  of  this  re- 
markable expansion : 


Metilt.       Grains. 

! 

e       r             Bulk  be- 

'             '  j    union. 

1 

Ezpan- 
ooo. 

Gold        442 
Lead          38 

18-080 

1000 

1005 

• 

5 

Gold 
Lead 
Copper 

442 
19 

17-765 

1000 

lot)  (5 

0 

Gold 

Copper 

Lead 

Gold 

Copper 

Lead 

442 

30 

S 

17-312 

1000 

1022 

22 

442 

3t 

4 

17-032 

1000 

1035 

35 

Gold 

Copper 

Lead 

442 
37-5 

0-5 

16'C21 

1000 

1057 

57 

Gold 

Copper 

Lead 

442 
3T75 
0-23 

17-039 

1 

1000  ;  1031 

• 

31* 

"Ti  r.—r. 


•  Sec  Hauhett  on  tbc  .|//«j/  c/  Gold,  f .  29  and  67* 


^.  Dr  Lewis  fused  crude  platina  and  lead  together  Chap.  iv. 
in  various  proportions  ;  a  violent  beat  was  necessary  to  piatinoin« 
lenable  the  lead  to  take  up  the  platinum.  Hence  a  por« 
tion  of  the  lead  was  dissipated.  The  alloys  had  a  £• 
brous  or  leafy  texturci  and  soon  acquired  a  purple  co- 
lour when  exposed  to  the  air.  When  equal  parts  of 
the  metals  were  used,  the  alloj  was  very  hard  and 
brittle  ;  and  these  qualities  diminished  with  the  propor- 
tion of  platinum.  When  the  allojs  were  melted  again, 
a  portion  of  the  platinum  subsided  *.  Many  experi- 
xnents  have  been  made  with  this  alloy,  in  order,  if  pos- 
sible, to  purify  platinum  from  other  metals  by  cupel- 
lation,  as  is  done  successfully  with  silver  and  gold: 
But  scarcely  any  of  the  experiments  have  succeeded  ; 
because  platinum  requires  a  much  more  violent  heat  to 
keep  it  in  fusion  than  can  be  easily  given  f. 

3.  Melted  lead  dissolves  a  great  portion  of  silver  at  SUver, 
a  slightly  red  heat.  The  alloy  is  very  brittle  J  ;  its 
colour  approaches  to  that  of  lead  ;  and,  according  to 
Kraft,  its  specific  gravity  is  greater  than  the  mean  den- 
sity of  the  two  metals  united.  The  tenacity  of  silver,  ' 
according  to  the  experiments  of  Muschenbroeck,  is  di« 
minished  by  the  addition  of  lead*  This  alloy  is  easily 
decomposed,  and  the  lead  separated  by  cupcllation. 

4.  Mercury  amalgamates  readily  with  lead  in  any  1^^,^^,^ 
proportion,  either  by  triturating  with  lead  filings,  or 

by  pouring  it  upon  melted  lead.  The  amalgam  is  white 
aad  brilliant,  and  when  the  quantity  of  lead  is  suffi- 
cient, assumes  a  solid  form.     It  is  capable  of  crystalli* 


*  Pbit»s,  Ctmmtne,  p-  5 1 3.  f  Ibid.  p.  561 . 

I  JLewis  StMm^*i  Cbtm^  p.  57. 
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BookL      zing.     The  crystals  arc  composed  of  one  part  of  leal 

■  and  one  and  a  half  of  mercury  *• 

Copper,  5.  Copper  does  not  unite  with  melted  lead  till  tlie 

fire  is  raised  so  high  as  to  make  the  lead  boil  and  tmokc^ 
and  of  a  bright  red  heat.  When  pieces  of  copper  arc 
thrown  in  at  that  temperature,  they  soon  dtsappcir. 
The  alloy  thus  formed  is  of  a  grey  colour,  brittle  when 
cold,  and  of  a  granular  texture  f .  According  to  Kraft, 
It  is  rarer  than  the  meant*  The  union  between  the 
two  metals  is  very  slight.  When  the  alloy  is  exposed 
to  a  heat  sufficient  only  to  melt  the  lead,  almost  the 
whole  of  the  lead  runs  off,  and  leaves  the  copper  rtear* 
]y  pure  §.  The  little  lead  that  remains  may  be  scori- 
fied by  exposing  the  copper  to  a  red  heat.  If  the  lead 
that  runs  off  carries  with  it  any  copper,  on  melting  it 
the  copper  swims  on  the  surface,  and  may  be  easily 
skimmed  off||.  This  alloy  is  said  to  be  eoaploycd 
sometimes  for  the  purpose  of  making  printers  types  for 
very  large  characters  ^. 

e$.  The  older  chemists  aflirm,  that  iron  is  not  taken 
up  by  melted  lead  at  any  temperature  whatever,  but 
that  it  constantly  swims  upon  the  surface.  Muscheo- 
broeck,  however,  succeeded  in  uniting  by  fusion  400 
parts  of  iron  with  134  parts  of  lead,  and  formed  a  hard 
alloy,  whose  tenacity  was  not  one-half  of  that  of  pure 


*  Dijon  Academicians.  f  Letvii,  Ibid. 

^  li'iisstrlh-rg.  i.  263. 

5  Lewis,  Ncuman's  Chemistry,  p.  57.  This  curious  mode  of  st'paratioii 
u  called  in  Chemistry  eliquatitn.  jj  Lewis,  Ibid. 

^  Fourcroy,  vi.  266.  It  has  been  lately  ascertained  by  Mr  Hatchett, 
that  capper  cannot  bw*  used  to  alloy  gold  unless  it  be  free  from  kad. 
The  smallest  portion  of  this  metal,  though  too  minute  to  affect  the  cop- 
per iticlf>  produces  a  sensible  change  on  the  ductility  of  gold. 


iim*  Thc*sp€ci6c  gravity  of  an  alloy  often  iron  and 
one  lead,  according  to  him,  is  4*250*.  The  experi- 
ments of  Guyton  Morveau  have  proved,  that  when  the 
,two  metals  are- melted  together,  two  distinct  alloys  are 
formed.  At  the  bottom  is  found  a  button  of  lead  con- 
taining a  little  iron  ;  above  is  the  iron  combined  with 
ft  small  portion  of  lead  f. 

7.  Lead  and  tin  may  be  combined  in  any  proportion  Tio, 
by  fusion.  This  alloy  is  harder,  and  possesses  much 
more  tenacity  than  tin.  Muschenbroeck  informs  us 
that  these  qualities,  are  a  maximum  when  the  alloy  is 
composed  of  three  parts  of  tin  and  one  of  lead.  The 
presence  of  the  tin  seems  to  prevent  in  a  great  measure 
the  noxious  qualities  of  the  lead  from  becoming  sensi- 
ble when  food  is  dressed  in  vessels  of  this  mixture. 

This  mixture  is  often  employed  to  tin  copper  vessels, 
and  the  noxious  nature  of  lead  having  raised  a  suispt- 
croD,  that  such  vessels  when  employed  to  dress  acid, 
food,  might  prove  injurious  to  the  health,  Mr  Proust  was 
employed  by  the  Spanish  government  to  examine  the 
subject.     The  result  of  his  experiments  was,  that  vine- 
gar and  lemon  juice,  when  boiled  long  in  such  veasek, 
dissolve  a  small  portion  of  tin,  but  no  lead,  thepresente 
of  the  former  metal  uniformly  preventing  the  latter* 
from:  being  acted  on.     The  vessels  of  course  are  inno- 
cent  X'    T^^  specific  gravity  of  this  alloy  increases  with- 
the  lead,  as  might  be  expected.     Hence  the  pd^xurtioq: 
of  the  two  metals  in  such  alloys  may  be  estimated  near- 
Ijr  from  the  specific  gravity,  as  will  appear  from  the 


»  IVasterhaj,  i.  ail,  f  Ann.  de  Cbim.  IviL  47. 

}  Ami,  di  Cbim.  Ivil  73. 
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k  L     following  Table,  drawn  up  by  Dr  WatsoU  firom  ik 
'    own  experiments  *. 


Tin. 

Lad. 

Sp.  CriT. 

0 

100 

11*270 

100 

0 

7-no 

52 

T321 

16 

7-438 

8 

7-560 

5 

7-645 

3 

7'940 

X       * 

8*100 

1 

8-817 

ftwtcr.  What  IS  called  in  this  country  ley  pewter  is  often  scarce 
1 J  any  thing  else  than  this  alloy  f.  ^in/inl^  too,  al* 
most  always  is  a  compound  of  tin  and  lead.  This  aU 
loy,  in  the  proportion  of  two  parts  of  lead  and  one  of 
tin,  is  more  soluble  than  either  of  the  metals  separately. 
It  is  accordingly  used  by  plumbers  as  a  solder. 


*  Chemical  Essayj,  it.  1 65. 

f  There  are  three  kindt  ol ^txvUr  in  common  u»e;  mmely, //«/«,  trife^ 
and  ley.  The  plate  pewcer  is  used  for  plates  and  dishes ;  the  trifle  chiefly 
for  pints  and  quarts ;  and  the  ley  metal  for  wine  measures,  &g.  Theif 
relative  specific  gravities  are  as  follows:  Plate,  7348;  trifle,  7'559» 
ley,  7*963.  The  he»t  pewter  it  suid  to  consist  of  xco  tin  and  17  antimo- 
9^,    See  Watfoa's  CbemUal  Euayt^  iv.  167. 


^  2ZKC.  885 

4   t  Chapu  iy.     « 


SECT.  XV, 


OF   ZINC. 


I.  1  HE  ancients  were  acquainted  with  a  mineral  to  Ufaiorj.* 
ivhich  they  gave  the  name  of  Cadmia,  from  Cadmus, 
who  first  taught  the  Greeks  to  use  it.  They  knew  thaf 
when  melted  with  copper  it  formed  brass ;  and  that 
when  burnt,  a  white  spongy  kind  of  ashes  was  volati- 
lizedy  which  they  used  in  medicine  ^.  This  mineral 
contained  a  good  deal  of  zinc  ;  and  yet  there  is  no  proo£^ 
remaining  that  the  ancients  were  a^^quainted  with  that 
metal  f.  It  is  first  mentioned  in  the  writings  of  Alber- 
tus  Magnus,  who  died  in  1230  ;  but  whether  he  bad 
seen  it  is  not  clear,  as  he  gives  it  the  name  of  marcam 
site  ofgoldf  which  implies,  one  would  think,  that  it  had 
a  yellow  colour  %•     The  word  zinc  occurs  first  in  the 


•  Pliny,  lib.  xiziY.  cap,  a.  and  lo. 

\  Grignon  indeed  says,  that  «^mcthlng  like  it  was  difCOTcred  in  the 
mint  of  an  ancient  Roman  city  in  Champagne ;  but  the  substance  which 
lie  took  for  it  was  not  exan;ined  with  any  accuracy.  It  is  impossible 
therefore  to  draw  any  inference  whatever  from  his  asscrti<ui.  BuUgtm 
4e /•y'Mti  d\ne  vilU  Rvn«ine.  p.  IT. 

X  The  passages  in  which  he  mentions  it  are  as  follows:  They  prov<*,  T 
think  incontestihlft  that  it  was  not  the  metal,  but  the  ores  of  the  metal- 
with  which  Albertus  was  acquainted.  Ve  Mhural,  lib.  iL  cap.  ix. 
'*  Marchasita,  live  marcbasida  ut  quidam  dlcunt,  est  lapis  in  substantia, 
ct  habet  multas  ipecie^,  quare  colorem  aecipit  cnju^libet  metalli,  ee  sic 
dScitur  marchaaita  argcntea  et  aurea,  et  sic  dicitur  aliit.  Metallum  tames 
fBod  colom  cuin  non  distillat  ab  ipso,  9cd  cvaporat  in  tgnem,  etfV; 
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Bo«k  I.      writings  of  Paracelsus,  who  died  in  1541.    He  infonns 
I  I    .    ->    US  very  gravely,  that  it  is  a  metal,  and  not  a  metal,  sad 
that  it  consists  chiefly  of  the  ashes  of  copper*.     This 
metal  has  also  hceii  called  spelter. 

Zinc  has  never  hcen  found  in  Europe  in  a  state  of 
purity,  and  it  was  long  before  a  method  was  discovered 
of  cxliatting  it  from  its  ore  f .  Henkel  pointed  out  one 
in  17:21 ;  Von  Swab  obtained  it  by  distillation  in  1742} 
and  Margraf  published  a  process  in  the  Berlin  Me- 
moirs in  1746 1.  At  present  there  are  three  works  in 
this  conntry  in  which  zinc  is  extracted  from  Its  0Tt\ 
two  in  tiic  neighbourhood  of  Bristol,  and  one  at  Swtn- 


rcllnquiturclnh  inuCiIis,  et  hie  lapis  notns  est  apud  alchymicos*  ctiamul- 
U%  Incis  Tcniunrnr. 

Lib.  iii.  cap.  lo.  <*  ^s  amem  inTcnitor  in  vcnis  lapidis,  ct  quod  est  »• 
pud  locum  qui  dicitur  OMclaria  t%t  pnrissimuin  et  optimum,  ectoti  »!>■ 
aunttje  lapidiK  iocorporatum,  ita  quod  tocm  lapis  cat  ticut  mardiaaita  is- 
na,  et  profuiidatum  est  melius  Ca  eo  qtiod  puriu*".. 

Lib.  V.  cap.  5-  "  Dicioiusigiciir  quixl  marchasita  diiplicem  kabetinsoi 
creatinrc  sub«tar.fiam,arr-enti  vivi  scilicet  mnrtificaci,  ct  ad  fixioDcm  ap- 
prozimantis  ct  sulphuris  ad.ircnli^.  Ipsam  habere  sulphareitarem  com- 
perimu5  maniff'ta  expcricntia.  Nam  cum  sublimatiir,  ex  ilia  emaosC 
substantia  sulpliuiea  manife^te  comburent.  £t  sine  sublimatiolte  limili- 
ter  perpcndirur  iliius  sulphureitas. 

**  Nam  si  ponatur  ad  ignitionem,  non  suicipit  illam  priuMjuam  inflim* 
mationc  sulphur  is  innammetur,  ct  ardeat.  Ipsam  vero  argenti  ▼iti  «ib> 
tiantiam  manifcstatur  habere  sensibiliter.  Nam  albcdinem  praestat  Ve- 
neri  nicri  aiycnti,  qucmadmodum  et  ipsum  argentum  vi^uni,  et  coJorem 
in  ipii[iS  subltmationc  caelcsiium  prx»tarc,  ct  luciditatem  manifestam  mc* 
tallicam  habere  videmu»,  qux  certum  rcddunt  artificer  Aldumic,  iUaa 
has  substantias  contiiiere  in  race  sua.'* 

•  Sec  vol.  vi.  of  his  Works  in  quarto. 

f  The  rcul  uutcovirrcr  of  this  method  appears  to  have  been  Dr  hue 
Lawson.    Sec  i*^//,  iii.  diss.  7.  and  Watson*!  Ci*mi*,/i  Eutyu 

\  Bergman,  ii.  309. 


ZINC*  2t3 

sey.  The  ore  (sulphuret  of  zinc)  is  roasted  and  re-  Chap.  iy>^ 
duced  to  powder,  mixed  witb  charcoal,  and  exposed  to 
a  strong  heat  in  large  closed  clay  pots.  The  zinc  is  re- 
duced, ^nd  graiiuallj  drops  down  through  an  iron  tube 
issuing  from  the  bottom  of  the  pot,  and  falls  into  a  ves- 
sel of  water.  The  zinc  is  afterwards  melted  and  cast 
into  ingots^  A  considerable  quantity  of  zinc  is  yearly 
exported  from  Britain,  chiefly  to  the  north  of  Europe  *. 

1.  Zinc  is  of  a  brilliant  white  colour,  with  a  shade   Pcopertieik 
of  blue,  and  is  composed  of  a  number  of  thin  plates 
adhering  together.     When   this   metal  is  rubbed  for 

some  time  between  the  fingers,  they  acquire  a  peculiar 
taste,  and  emit  a  very  perceptible  smell, 

2.  Its  hardness  is  6f .  When  nibbed  upon  the  fingers 
it  tinges  them  of  a  black  colour.  The  specific  gravity 
of  mehed  zinc  varies  from  6'S61  to  7*1  "t;  the  lightest 
being  esteemed  the  purest.  When  hammered  it  becomes^ 
as  high  as  ■;'1908J. 

3.  This  metal  forms  as  it  were  the  limit  between  the 
brittle  and  the  malleable  metals»  Its  malleability  is  by 
no  means  to  be  compared  with  that  of  the  metals  al- 
ready described  ;  yet  it  is  not  brittle,  like  the  metal» 
-which  are  to  follow.  When  struck  with  a  hammer,, 
it  does  not  break,  but  yields,  and  becomes  somewhat 
flatter  i  and  by  a  cautious  and  equal  pressure,  it  may  be 
reduced  to  pretty  thin  plates,  which  are  supple  and 


^  See  an  account  of  the  manufacture  of  this  metal  in  Watson's  Chm. 
Muaytf  IT.  Z. 

f  Brieson  and  Dr  Lewis.  A  specimen  of  Goslar  zinc  was  found  hy 
Dr  Watson  of  the  specific  gravity  6*953 ;  Bristol  zinc  TotZ*  CbemUal 
Kitcytj  IT.  41.  A  specimen  of  zinc  tried  by  Mr  Hatchctt  was  7  "065* 
Oa  the  Mo]s  of  Goid^  p.  67*  \  Brissou. 
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Book  L     elastic,  but  cannot  be  folded  without  breaking.     This 
'  *    ^  property  of  zinc  was  first  ascertained  by  Mr  Sage*. 

When  heated  sona-wliat  above  212^,  it  becomes  very 
malleable.  It  may  be  beat  at  pleasure  without  break- 
ing, and  hammered  out  into- thin  plates.  When  care- 
fully annealed,  it  may  (it  is  said)  be  passed  through 
rollers.  It  may  be  very  readily  turned  on  the  lath. 
When  heated  to  about  400°,  it  becomes  so  brittle  that 
It  may  be  reduced  to  powder  in  a  mortar. 

4.  It  possesses  a  certain  degree  of  ductility,  and  maj 
with  care  be  drawn  out  into  wiref .  Its  tenacity  from 
the  experiments  of  Muschenbroeck,  is  such,  that  a  wire 
whose  diameter  is  equal  to  ,^th  of  an  inch,  is  capable 
in  supporting  a  weight  of  about  26  lbs  J. 

5.  When  heated  to  the  temperature  of  about  680^}, 
it  melts  ;  ancVif  the  heat  be  increased,  it  evaporates, 
:md  may  be  easily  distilled  over  in  close  vessels.  When 
allowed  to  cool  slowly,  it  crystallizes  in  smaU  bundles 
of  quadrangular  prisms,  disposed  in  all  directions.  If 
they  are  exposed  to  the  air  while  hot,  they  assume  & 
blur  chanj»enblc  colour  |[. 

t  oinr.ina-  J  I.  When  rxpovcd   to  the  air,  its  lustre  is  soon  tar- 

o4vj;ui.  n  I  shed,  but  it  bc.irccly  undertroes  any  other  change. 
When  kejit  under  water,  its  surface  soon  becomes  black, 
tl;e  waicr  is  slowly  decomposed,  hydrogen  gas  is  eroit- 
tccf,  and  the  oxygen  combines  with  the  metal.  If  the 
licat  be  mcreascd,   the  decomposition  goes  on  more  ra- 


•  Jour.  Je  Mit\  An.  V.  595.  |  Plack's  Lettmres^  ii.  583. 

I  Ho  fouiul  a  rod  of  an  inch  diameter  to  support  2600  lb«.     Now  if 
the  cob<  Mon  ii.crcaw  as  the  square  of  the  diameter,  the  «ktrcnpth  of  a  wifC 
«f  j-icrh  inch,  will  not  difurr  much  from  that  assigned  in  the  text* 

J  Blatk'b  Z«.'.  /v,  V  5<;j.  I!  Mongtz. 


pidly  J  ^and  if  the  steam  of  water  is  made  to  pass  over    .^'"P-  '▼; 
zinc  at  a  very  high  temperature,  it  is  decomposed  with 
great  rapidity  ". 

When  zinc  is  kept  melted  in  an  open  vessel,  its  sur- 
face is  soon  covered  with  a  grey- coloured  pellicle,  in 
consequence  of  its  combination  with  oxygen.  When 
this  pellicle  is  removed,  another  soon  succeeds  it  j  and 
in  this  manner  may  the  whole  of  the  zinc  be  oxidized. 
When  these  pellicles  are  heated  and  agitated  in  an  open 
vessel,  they  soon  assume  the  form  of  a  grey  powder, 
often  haviag  a  shade  of  yellow.  This  powder  has  been 
called  the  grey  o^ide  of  xinc.  When  zinc  is  raised  to 
a  strong  red  heat  in  an  open  vessel,  it  takes  Gre,  and 
burns  with  a  brilliant  white  flame,  and  at  the  same  time 
emits  a  vast  quantity  of  very  light  white  flakes.  These 
are  merely  an  oxide  of  zinc.  This  oxide  was  well 
known  to  the  ancients.  Dioscorides  describes  the  me- 
thod of  preparing  it.  The  ancients  called  it  pompholyx  : 
the  early  chemists  gave  it  the  name  of  nihil  album,  tana 
fhihsopbica,  s.aA  Jto-u^eri  of  zinc,  Dioscorides  compare) 

Two  different  oxides  of  zinc  are  at  present  known. 

1.  The  peroxide,  or  while  oxide  of  zinc,  is  the  oxide  Peroiiift. 
usually  farmed  in  the  different  processes  to  which  the 
metal  is  subjected.  We  are  indebted  to  Mr  Fronst  for 
an  exact  analysis  of  this  oxide  and  its  combinations.  It 
is  composed  of  80  parts  of  zinc  and  20  of  oxygen  J. 
It  may  be  formed  not  only  by  burning  zinc,  but  also  by 
dissolving  itin  diluted  sulphuric  or  nitric  acid,  and  pre- 


■  Lavoisier,  Mrm.  Pa\ 


i;8i,p.  t7<. 
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ly*^  ^'r     ^'P*^^*^"ff  *'  ^y  potash.     Tiiis  oxide  has  been  proposed 

%  ■* ^  I  ml  as  a  paint;  but  its  colour  must  be  perfectly  white. 
When  pure  it  is  li^ht,  and  has  a  considerable  resem- 
blance to  chalk.  It  is  tasteless  and  insoluble  in  water, 
and  not  liable  to  be  changed  by  exposure  to  the  atmos- 
phere. 

ProtoiiJe.  ^*  '^^c  protoxide^  or  zinc  combined  with  a  minimaia 
of  oxygen,  is  obtained  by  exposing  the  peroxide  to  t 
strong  heat  in  an  earthen  ware  retort  or  covered  cru- 
cible. From  the  experiments  of  Dcsormes  and  Cle- 
ment, it  appears,  that  by  this  process  the  zinc  loses  t 
portion  of  its  oxygen,  and  assumes  a  yellow  cblour» 
According  to  the  analysis  of  these  chemists,  the  prot- 
oxide of  zinc  is  composed  of  88  parts  zinc  and  12  parts 
of  oxygen  *. 

3.  The  reduction  of  the  oxides  of  zinc  is  an  opera^ 
lion  of  diniculty,  in  consequence  of  the  strong  aflinitj 
which  exists  between  zinc  and  oxygen,  and  the  conse- 
quent tendency  of  the  zinc  after  reduction  to  unite  with 
oxygen.  It  must  be  mixed  with  charcoal,  and  exposed 
to  a  strontj  heat  in  vessels  which  screen  it  from  the  con- 
tact  of  the  external  air. 

Union  with       III-  Most  of  the  simple  combustibles  combine  with 

■tmplecoQi- 
burtiblci.        ^^"^• 

Hydrogen.  ^'  Hydrogen  gas  dissolves  a  little  of  it  in  certain  si- 
tuations. It  is  usual  to  procure  hydrogen  gas  by  dis- 
solving zinc  in  diluted  sulphuric  acid.  The  gas  thus 
obtained  carries  along  with  it  a  little  zinc  in  solution^ 
but  it  dcposites  it  again  upon  the  sides  of  the  glass  jars, 
and  on  the  surface  of  the  water  over  which  it  stands. 


9^  Mru  Je  Chim.  xuiz.  33. 


'Xhe  gas  thus  mpregnated  was  recommended  hj  Mr 
Watt  as  like]^  to  be  serviceable  in  cases  of  diseased 
lungs. 

2.  Hjrdrogen  gas  procured  from  ziac  by  means  of 
diluted  sulphuric  acid,  when  burni,  produced  a  certain 
pociioo  of  carbonic  acid.  Hence  it  was  inferred  that  it 
contained  original]/  some  carbureted  hydrogen  ".  As 
the  zinc  dissolves^  3.  black  powder  makes  its  appear- 
ance in  tlic  sohition.  This  black  powder  the  French 
chemists  afHrm  lo  be  plumbago,  and  to  its  presence 
they  asctibe  the  cause  of  the  formation  of  carbureted 
hydrogen;  but  this  opinion  has  not  been  verified  by 
accurate  experiments,  and  is  indeed  unlikely  to  be  tiuef. 

5.  Zinc  may  be  combined  with  phosphorus,  by  drop-  Phoipliureti 
ping  small  bits  of  phosphorus  into  it  while  in  a  stale  of 
fusion.  PcUetier,  to  whom  wc  ate  indebted  for  the 
experimeni,  added  also  a  little  resin,  to  prevenUhe  oxi- 
dation of  ihe  zinc.  Phosphuret  of  zinc  is  of  a  white 
colour,  a  metallic  spleadour,  but  resembles  lead  more 
thaa  zinc.  It  is  somewhat  malleable.  When  hammer- 
ed or  filed,  it  emits  ihe  odour  of  phosphorus.  Where 
exposed  to  a  strong  heal,  it  burns  like  line  J. 

4.  Phosphorus  combiiici  also  with  the  oxide  of  zinc  ; 
^compound  which  Margcaf  had  obtained   during  his 
|;[imenls  ou  phosphorus.     When  12  parts  of  oxide 


•  See  ttic  cipcrimcnts  of  Fonicroy,  Vau^oditi  and  Scgnm,  Am,  A 
CUm.  viil  sjo. 

t  Proiut  hu  aKcrtaiotd,  tbat  thii  bluk  powder  ia  afwn  not  cutarct 

ji.     OniepariitLng  thit  black  powder  ind  drying  it,  I  found  th«  it  »•• 
Mnud  un  olivt-giccn  coluur.    Ii  proved  in  aU  mj  tciali  lo  b*  a  miitara 

T  uid  leid. 


if  copper  u 
^  Aa.  A  C4h>.  liii-  139. 


Ta 
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.Bodct  of  Zinc,  12  parts  of  phosphoric  glaiSy  and  2  parts  d 
j^i  |i  I  '>  charcoal  powder,  are  distilled  in  an  earthta  wmre  idoci^ 
and  a  strong  heat  applied,  a  metallic  sabstance  snUiiiies 
of  a  sUver  white  colour,  which  when  broken  hms  a  ti- 
treons  appearance.  This,  accordbg  to  Pelletier,  n 
pbospbnreted  oltde  of  zinc.  When  heated  bjr  die 
Mawpipe,  the  phosphoms  bums,  and  leaves  behind  a 
glsss,  transparent  while  in  fnrion,  but  opaque  afier 
tooling  *. 

Phosphnreted  oxide  of  zinc  is  obtained  also  when 
two  parts  of  zinc  and  one  part  of  phosphorus  are  di- 
stilled in  an  earthen  retort.  The  products  are,  1*  Zinc ; 
2.  Oxide  of  zinc ;  3.  A  red  sublimate,  which  is  phos- 
phnreted oxide  of  tine ;  4.  Needleferm  crystals^  of  a 
metallic  brilliancy,  and  a  blnish  colour.  Tliese  also 
Pelletier  considers  as  phosphureted  oxide  of  zinc  t* 

5.  Solphnr  cannot  be  artificial]  j  combined  with  dac; 
bnt  when  melted  with  the  oxide  of  zinc,  a  combioatiflB 
is  formed,  as  was  first  discovered  bj  Dehne  in  1781 1. 
The  experiment  was  afterwards  repeated  by  Morvean  {. 
A  similar  compound  is  formed  when  sulphureted  hy* 
drogen,  in  combination  with  an  alkali,  is  dropt  intoasO- 
lution  of  zinc.  It  is  at  first  white,  but  becomes  darker 
on  drying.  It  was  considered  by  chemists  as  sulphur 
nnited  to  the  oxide  of  zinc  ;  but  experiment  does  not 
confirm  the  opinion.  The  zinc  seems  to  be  in  the  me- 
tidlic  state. 

One  of  the  most  common  ores  of  zinc  is  a  foliated 
mineral,   usually  of  a  brown   colour,   called  bletide  i 


•  Pellctier,  hfJ  128.  f  Attn,  ic  Cbim.  liii.  laj. 

%  Cbem.  Jour.  p.  46.  nnd  CrollN  Amtuik^  I7S61 1*  7r 
{  Mem,  4e  I*  Acjd.  de  J}iJ9Wi  1 783. 


tastelesB,  insoluble  in  water,  and  of  a  specific  gravity  Chap.  IV. 
about  4.  Bergman  showed  that  this  ore  consisted 
chiefly  of  zinc  and  sulphiir.  Chemists  were  disposed 
to  consider  it  as  a  sulphureted  oxide  of  zinc,  in  conse- 
quence chiefly  of  the  experiments  of  Morveaii,  above 
referred  to  ;  but  the  analyses  of  Bergman  were  incon- 
sistent with  ibis  notion.  Proust  gave  it  as  his  opinion, 
ibat  blende  is  essentially,  a  compound  of  zinc  in  the 
metallic  state  with  sulphur  *.  Upon  examining  several 
specimens  of  blende,  I  found  the  phenomena  and  the 
proportion  of  the  constituents  to  agree  exactly  with  this 
opinion,  and  cannot  therefore  hesitate  tii  crnbrace  ii, 

IV.  Zinc  does  not  combine  wtLli  azote.     Muriatic 
acid  readily  converts  it  into  an  oxide. 

V.  Zinc  combines  with  almost  all  the  metals,  and    AUoymi^ 
some  ofits  alloys  are  of  great  importante. 

i.  It  may  be  united  togold  in  any  proportion  byfu-  ''"'''• 
aion.  The  alley  is  the  whiter  and  the  more  brittle  the 
greater  quantity  of  zinc  it  contains.  An  alloy,  consist- 
ing of  equal  parts  of  these  metals,  is  very  iiard  and 
white,  receives  a  fine  polisb,  and  does  not  tarnish  rea- 
dily- It  has  therefore  been  proposed  by  Mr  Hellotf 
as  very  proper  tor  the  specula  of  telescopes.  Mr  Hat. 
chell  united  1 1  parts  of  gold  and  one  of  zinc.  The  al- 
loy was  of  a  pale  greenish  yellow  like  brass,  and  very 
brittle.  Its  specific  gravity  was  16-93T.  The  bulk 
of  the  metals  before  union  was  1000;  after  it,  091  nearly. 
Hence  the  union  is  accompanied  with  a  small  degree  of 
contraction.      The  britileness  continued  though  the  zinc 

3  reduced  to  ^th  of  the  alloy,  /^Ihsof  copper  being 
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J'^  '•     added  to  reduce  the  gold  to  the  standard  Tilne.     Sng 
the  fames  of  z'mc  near  melted  gold,  are  sufficient  to 


4er  the  precious  metal  brittle*.  Hellot  affirms^  that 
when  one  part  of  gold  is  alloyed  with  seven  of  ^inc^ 
if  the  zinc  be  elevated  in  the  state  of  flowefs,  the 
whole  of  the  gold  rises  along  with  it. 

fjat^ffT"!  2*  Dr  Lewis  found  that  platinum  unites  wiA  the 

fumes  of  line -reduced  frortiats  ore,  and  acquires  aboul 
fd  of  additional  weight.  The  two  metals  very  readfly 
inelr,  even  when  the  zinc  does  not  exceed  7th  of  the 
platinum.  The  alloy  is  very  brittle,  of  a  bluish  white 
colour,  and  much  harder  than  zinc.  One-twentieth  of 
platinum  destroys  the  malleability  of  zinc,  and  cnef 
fourth  of  zinc  renders  platinum  brittle  f  • 

ifnf,    •  3.  Silver  unites  to  ^inc  with  facility,  and  produces  % 

brittle  alloy  of  a  bluish  white  colour,  and  a  gramilsr 
texture.     Its  specific  gravity,  according  to  Gellerl^  ii. 
greater  than  the  mean.     When  an  alloy  of  11  zine  and 
one  silver  is  sublimed  in  open  vessels,  the  whole  of  the 
silver  arises  along  with  the  flowers  of  zinc  %• 

(tf^reitry,  4.  The  amalgam  of  zinc  was  examined  by  Malouin. 

According  to  him,  it  is  formed  most  readily  by  pooring 
mercury  upon  zinc,  heated  so  as  to  char  paper,  but  not 
to  burn  it.  Its  consistence  varies  with  the  proportion 
of  zinc.  Eiglit  parts  zinc,  •  and  one  mercury,  form  t 
white  very  brittle  compound.  One  zinc  and  2f  mer- 
cury form  an  alloy,  which,  when  melted  and  cooled 
slowly,  crystallizes.  This  amalgam  is  used  to  promote 
the  excitement  of  electric  macjiincsj. 


•  Hatchctt  on  the  AII^s  •/CM,  p.  17. 

f  Phii.  Commercet  p.  jao.  *        X  Wauerherg^  i.  l6o. 

$  It  was  firit  recommen^d  for  that  {mrpoie  by  Dr  Higghn.     %^ 
^biL  TraMi.  1 778,  p.  861. 

*    ■  • 


5.  Zinc  combiires  readily  with  copper,. and  forms  one  Chap.  IV, 
of  the  most  useful  of  all  the  metallic  alloys.  The  me-  Copper, 
tals  are  usually  combined  together  by  mixing  granula- 
ted copper,  a  native  oxide  of  zinc  called  calamincy  and 
a  proper  proportion  of  charcoal  in  powder.  The  heat 
is  kept  up  for  five  or  six  hours,  and  then  raised  suffi- 
ciently high  to  melt  the  compound.  It  is  afterwards 
poured  into  a  mould  of  granite  edged  round  with  iron, 
and  cast  into  plates.  This  compound  is  usually  known 
in  this  country  by  the  name  of  brass.  The  metals  are 
capable  of  uniting  in  various  proportions,  and  according 
to  theni,  the  colour  and  other  qualities  of  the  brass  vary 
also.  According  to  Dr  Lewis,  who  made  a  large  set 
of  experiments  on  the  subject,  a  very  small  portion  of* 
zinc  dilutes  the  colour  of  copper,  and  renders  it  pale ; 
-when  the  copper  has  imbibed  one-twelfth  of  its  weight 
the  colour  inclines  to  yellow.  The  yelloiAiess  increases 
with  the  zinc,  till  the  weight  of  that  metal  in  the  alloy- 
equals  the  copper.  Beyond  this  point,  if  the  zinc  be 
increased,  the  alloy  beconoes  paler  and  paler,  and  at  last 
white  *.  The  proportion  of  zinc  imbibed  by  the  copper 
varies  in  different  manufactories  according  to  theprocess, 
and  the  purposes  to  which  the  brass  is  to  be  applied* 
In  some  of  the  British  manufactories  tHe  brass  made 
contains  -fd  of  its  weight  of  zinc.  In  Germany  and 
Sweden,  at  least  if  the  statements  of  Swedenburg  be  ac- 
curate, the  proportion  of  zinc  varies  from  yth  to  ^th  of 
the  copper  f.  Brass  is  much  more  fusible  than  copper  ; 
it  is  malleable  while  cold,  unless  the  portion  of  zinc  be 
ejccessive  ;  but  when  heated  it  becomes  brittle.     It  is 


0  NeumMp^i  Cbtm.  p.  6$.  i'H'^JUriirg,  I  zCj. 
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doctil^  maj  be  drawn  out  into  fine  wiie^  nd  ii 
toQgher  than  copper,  according  to  the  experimcBtsoC 
Mtttdienbroeck.  According  to  Gellert,  its  qvdfip 
gravitj  is  greater  than  the  mean*  It  yariea  oonfidccaUj 
according  to  the  proportion  bf  zinc.  Dr  Wataon  fiBPai 
a  specimen  of  plate  brass  from  Bristol  S*441  * :  wluk 
Brisson  makes  tommdn  cast  brass  onlj  7*S24«  Bnv 
snay  be  readiljr  turned  upon  the  lath,  and  indeed  weib 
more  kindly  than  any  other  metal. 

When  zinc  in  the  metallic  state  is  melted  with  cop> 
per  or  brass,  the  alloy  is  known  by  the  namea  otpiki* 
bici,  frince^s  metaly  Princt  Ruperi^s  mital^^fjo.  The 
proportion  of  zinc  is  equally  variable  in  this  alloy  as  ia 
brass  r  sometimes  amounting  nearly  to  one  half  of  die 
whole,  and  at  other  times  much  less.  The  cdoar  of 
pinchbeck  approaches  more  nearly  to  that  of  gold,  btt 
it  is  brittle,  q|  at  least  much  less  malleable  than  brass. 
Br^ss  was  known,  and  very  much  valued,  by  the  an- 
cients. They  used  an  ore  of  zinc  to  form  it,  whid 
they  called  cadtnia.  Dr  Watson  has  proved  that  it  wis 
to  brass  which  they  gave  the  name  of  aricbatcaimi* 
Their  ^ts  was  copper,  or  rather  bronze  X» 


*  CBem.  Essayt^vt,  58. 

f  NimtuttsUr  TramaciioitSi  voi  ii.  p.  47. 

X  The  ancients  do  not  teem  to  hrtc  known  accurately  the 
between  copper,  brats,  and  bronae.  Hence  the  confusion  obtervable  in 
their  names.  They  considered  brass  as  only  a  more  Talnable  kind  of  ccp* 
per,  and  therefore  often  osed  the  word  d*  indifferently  to  denote  cither. 
U  was  not  till  a  bte  period  that  mineralogists  began  to  make  the  diistiM- 
tion.  They  called  copper  £s  eyfrtum^  and  afterwards  only  cy/rrMw, which 
\n  process  of  time  was  converted  into  empmm.  When  these  changes  took 
f Uce,  is  not  known  accurately.    Pliny  uses  ^frium^  lib.  nxTi.  cap.  s6. 


»..»^ 
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6.  It  is  diiEcuU  to  combine  line  with  iron,  because    Ch»p.TV.^ 

t  heat  necessary  to  meh  the  latter  metal  dissipates  the   iiod, 

inner.     The  alloy,  according  to  Lewis,  when  formed, 

■  hud,  somewhat  malleable,  and  of  a  ivhite  colour  ap< 

uhing  to  that  of  silver*.        Malouin    has   showa 

:C  may  be  used  instead  of  tin  to  cover  iron  plates  ; 

roof  that  there  is  an  affioily  between   the  two  me- 

6.  Tin  and  zinc  may  be  easily  combined  by  fuuon.  Tin, 
The  alloy  is  much   harder   than   zinc,  much   stronger 
than  tin,  and  slill  ductile.     This  alloy,  it  is  said,  is  often 
the  principal  ingredient  in  the  compound  called  ^^wftr. 

8.  The  alloy  of  lead  and  zinc  has  been  examined  by  l-«adj 
Wallerius,  Gellert,  Muschenbrock,  and  Cmelin.  This 
last  chemist  succeeded  in  fordoing  ihe  alloy  by  fusion. 
He  put  some  suet  into  the  mixture,  and  covered  the  cru- 
cible, in  order  to  prevent  the  evaporation  of  the  unc. 
When  the  line  exceeded  ihe  lead  very  much,  the  alloy 
was  malleable,  and  much  harder  than  lead.  A  mixture 
of  two  parts  of  zinc  and  one  of  lead  formed  an  alloj 
more  ductile  and  harder  ihan  the  lasl.  A  mixture  of 
equal  parts  of  zinc  and  lead  formed  an  alloy  differing 
little  in  duclility  and  colour  from  lead;  but  it  was  har- 
der, and  more  susceptible  of  polish,  and  much  more  so- 
norous. When  the  mixture  contained  a  smaller  quan- 
tity of  zinc,  it  still  approached  nearer  the  ductility  and 
colour  of  lead,  but  it  continued  harder,  more  sonoreuSr 
and  susceptible  of  polish,  till  the  proportions  approach- 


Tlie  word  eyfriam  occurs  firit  in  Sparti; 
t{e*ip,in  hitlilecf  Canulla,  (uui/ii 


I,  whd  lived  about  the  jcu  ij* 
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BoofcL      ed  to  oat  of  zinc  and  10  of  lead,  when  flie  aBdj  & 

^-     '  feted  from  the  last  metal  only  in   beiof  aoaofevU;^ 

harder  *• 

HidaL  0.  Zinc  does  not  appear  capable  of  oooiliming  ini 

ttickel  by  fusion  f.  ' 


KaBietand 

msrlugi- 

^entotbe 

meubby 

thcBBci- 


SocR  are  the  properties  of  the  mallenUe  aielsl%  ttr 
most  numerous  and  by  fiir  the  most  smportaQt  of  ds 
four  classes  into  which  we  ha^e  divided  them.  E^ 
of  them  have  been  discovered  by  modem  chemists; 
namely  9  platinum^  palladinniy  rhodium,  iridinmy  osmioa^ 
nickel,  niccolanum,  and  zinc.  The  remaining  sevenwoc 
known  to  the  ancients.  To  thesie  last  the  names  of  ds 
planets  were  formerly  assigned,  and  each  wna  denoiri 
by  a  particular  mark  which  represents  both  the  phoBl 
and  the  metal. 

Gold  was  the  Sun,  and  represented  by  0 

Silver Moon,  ••••.•• ]) 

Mercury  .  •  •  •  .  Mercury, ^ 


Copper Venus, 

Iron •  Mars,  • « 

Tin Jupiter, 

Lead  .  • Saturn, 


9 

V 


It  seems  most  probable  that  these  names  were  first 


*  Afin»  ie  Cbim»  ix.  95. 

f  The  Chinese,  however,  leem  to  be  tn  ponettion  of  mne  BiedNi 
if  combiniog  these  meta^ :  For,  according  to  Engestrocm,  the/«l^v» 
.or  white  copper,  is  composed  of  copper,  iiickel»  and  zinc.  The  wmt 
amounts  to  seven-sixteenths  of  the  whole,  and  the  proporttiMia  jof  tU 
copper  and  nickel  are  to  each  other  as  five  to  thirteen.   Man.  StwdL  I7;lf 


.   .Ai 


Mkffven  to  the  plan«t« ;  and  that  the  seren  metals,  the 
mm^nly  ones  then  known,  were  supposed  to  have  some  re- 
lation to  the  planets  or  to  ihe  gods  (hat  iohabited  thetn, 
^  ■•  the  number  of  both  happened  to  be  the  same.  It 
appears  from  a  passage  in  Oripen,  that  these  names  first 
Aro^e  among  [he  Persians  "■  Why  each  particular  me- 
tal was  denominated  by  a  particular  planet  it  isnol  easy 
10  see.  Many  conjectures  have  been  made,  but  scarcely 
0ny  of  them  are  satisfactory. 


f  ^  Cmlra  Crliam,  lib.  vi.31. — "  Celsuidc  quihuidam  Pertftruni  myilo- 
rai  *cnnciDcni  ficil.  Hanun  rcrum.  Uiquii,  aliqncd  tcpcritiir  in  PcTM* 
non  dociriiia  Mithiacnq^  eotum  mfitciiii  vcidgiuni.  In  iilii  cn'nn 
dux  cdnuicDOTCTtionct,  alia  iicllirnm  fixaruni,  cmotium  ilia,  «  anb 
na:  per  eaa  iianiiiui  quodun  fynibolo  rcprctcntaniur,  quod  hujunnodi 
at.  Scala  ali^i  ponas  halitiu,  in  lumms  autcm  ocisva  puifa.  Priiiu 
ponaram  i<lunibL-a,  altcia  ilaimca,  (mti  ci  arre,  quana  fcrrci,  quinti  cl 
Krc  miiio.  Kita  ugcncca,  septima  rx  auro.      K>i>ia$  u4<Rij.e[,  i>i  {' 

»fyufn,  xr"""  ^'  '  '^^'f-  Vrinium  mignanlSalurno.tardiwwm  il- 
lilta  tlOcri*  plumlm  !ndicaiit«  :  alieram  Vcneri,  quani  reTcnmc,  iil  ipn 
quidcm  purant,  itatni  iplcntior  ct  molliiei;  [eniam  Jovi,  ahcncam  illam 
quidcin  ct  wlidam :  quartani  Mcccurio,  quia  hicicuriut  cl  fcnum,  uicr- 
t]ue  cpeiuni  omnium  lulcraulcs,  ad  mercaliiram  utilci,  Uboium  palicnlii- 
«im'i.  Mwli  quinum,  inzqualcni  illam  ec  Tariani  piopier  mixlurvn. 
fieicMm,  qnaargcnlca  cit,  Inni;  Kptimam  anrcani  toli  iribunnt,  quia 
■ujii  c(  itUM  colore!  hxc  duo  nictalla  rercruat" 

Sorrichiui  uipcct),  wi(h  a  good  deal  of  probability,  ibal  ihc  oamca  of 
the  godt  in  ihi«  paxagc  hate  been  transpoHid  by  iranxribcn,  eidier 
ihrW]^  ignoranee  or  dciign.  He  iirangc*  (hero  at  followi :  "  Sccun. 
dam  partam  ficium  Ja«i'.  comparanEci  rj  Maanl  ■pUndorem  ct  molli. 
ticni ;  Icrtiam  VcncrLt  xiauni  ct  nliilain  j  quartam  Maitii,  cat  enim 
bborum  paucni,  xquc  a(  fcttuni  cclcbratui  liiuninibui;  qnintam  M<r. 
curii  propter  miicuram  bxqiulcm  ic  nriim,  cl  quia  negotiator  eit  i  to- 
tan  l.uni  argenttam  ;  septlmam  Solia  auteam.'"— 0/.  Btrruiim  it  Oria 


iChi 


Haenix,  l6iB,  ^to.  p  19. 
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JM  VALUABU  MITJXS* 

B«)^^.       AitothediaractenbT  whidifhcseiiietiltipnii 
-w  prcMcd,  astrologers  seem  to  hsvo  considered  fha 


T^SS*    the  ittribotes  of  the  deities  of  the  ssme  name*     lb 
^1^  circle  in  the  earliest  periods  aaiODg  the  Egyptian^  w| 

the  symbol  of  divinity  and  perfection  i  and  srrmi  wi 
great  propriety  to  have  been  diosen  by  them  asArj 
character  of  the  sun,  espedaUy  as»  when  sorroondeilf 
small  strokes  projectbg  from  its  drcomfeienoey  it  ■ 
«fcrm  some  representation  of  the  emission  of  nys.  lb 
iemicircle  is,  in  like  manner,  the  image  of  the  mDm{ 
the  only  one  of  the  heavenly  bodies  that  appears  wain 
that  form  to  the  naked  eye.  the  character  ^  is  tap 
posed  to  represent  the  scythe  of  Satnm ;  %  the  ihtaai^ 
bolts  of  Jupiter  ;  (f  the  lance  of  Mars,  together  mfk 
his  shield  ;  $  the  looking-glass  of  Venus  $  and  $  Al 
cadnceus  or  wand  of  Mercury. 

The  alchymists,  however,  give  a  yrery  diffeiCBl  as* 
count  of  these  symbols.  Gold  was  the  moat  perfect 
metal,  and  was  therefore  denoted  by  a  circle.  Sihcr 
approached  nearest  it ;  but  as  it  was  inferior,  it  was  de- 
noted only  by  a  semicircle.  In  the  character  $  Ae  s« 
depts  discovered  gold  with  a  silver  colour.  The  eras 
at  the  bottom  expressed  the  presence  of  a  mysterioni 
something,  without  which  mercury  would  be  silver  or 
gold.  This  something  is  combined  also  with  copper; 
the  possible  change  of  which  into  gold  is  expressed  bf 
the  character  $.  The  character  (f  declares  the  like  ho- 
nourable affinity  also  ;  though  the  semicircle  is  applied 
in  a  more  concealed  manner  :  for,  according  to  the  pro- 
perest  mode  of  writing,  the  point  is  wanting  at  the  top, 
or  the  upright  line  ought  only  to  touch  the  horizontal| 
and  not  to  intersect  it.  Philosophical  gold  is  conceskd 
in  steel  i  and  on  this  account  it  piodoces  such  valuable 


medicines.  Of  tin,  one  half  is  silver,  and  the  other  con-  Chap.  IV.^ 
•tsts  of  (he  unknown  someihtng ;  for  this  reason,  the 
cross  with  the  half  moon  appears  \a  %.  In  lead  this 
something  is  predominant,  and  a  similitude  is  obser- 
ved in  it  to  silver.  Hence  in  its  character  I)  the  cross 
stands  at  the  top,  and  the  silver  character  is  only  sus- 
pended on  the  right  hand  behind  it. 

Brofcssor  Beckmann,  however,  who  has  examined  Oripn  »c- 
this  subject  with  mnch  attention,  thinks  that  these  cha-  Bcckouutn. 
rscters  are  mere  abbreviations  of  the  old  names  of  the 
planets.  "  The  character  of  Mars  (he  observis '),  ac- 
cording to  the  oldest  mode  of  representing  it,  is  evi- 
dently an  abbreviation  of  the  word  »ovp={,  under  which 
the  Greek  mathematicians  understood  that  deity;  or, 
in  other  words,  the  first  letter  a,  with  the  last  letter  ( 
placed  above  it.  The  character  of  Jupiter  was  origi- 
oally  the  initial  letter  of  j.ive ;  ^"^  <n  the  oldest  manu- 
scripts of  the  mathematical  and  astrological  works  of 
Julius  Ftrmicus,  the  capiul  Z  only  is  used,  to  which 
the  last  letter  =  was  afterwards  added  at  the  bcjttom,  to 
render  the  abbreviation  more  distinct.  '  The  suppoied 
looking-glass  of  Venus  is  nothing  else  than  the  initial 
Utter  distorted  a  little  o(  the  word  t<utf^fr,  which  was 
the  name  of  that  goddess.  The  imaginary  scythe  of 
Saturn  has  been  gradually  formed  from  the  two  first 
letters  of  his  name  k^ >»(,  w  hich  tiausccibers,  for  the  sake 
of  dispatch,  made  always  more  convenient  for  use,  but 
at  the  same  time  Jess  perceptible.  To  discover  in  the 
pretended  caduceus  of  Mercury  the  initial  letter  of  hi* 
Greek  name  inACi..,  one  needs  only  look  at  iheabbrcvi- 


r,  English  Tranil.  iii.  67. 
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?ook  L      atloos  in  the  oldest  manuscripts,  where  tfaey  will  find 

Diiniioo  f  •  . 

that  the  x  was  once  written  as  C ;  thej  will  remark  al- 
so that  transcribers,  to  distinguish  this  abbreviation  from 
the  rest  still  more,  placed  the  C  thus  ^  ^  and  added 
under  it  the  next  letter  r.      If  those  to  whom  this  de- 
duction appears  improbable  will  only  take  the  trouble 
to  look  at  other  Greek   abbreviations,  they  will  find 
many  that  differ  still  farther  from  the  original  letters 
they  express  than  the  present  character   $  from  the  C 
and  r  united.     It  is  possible  also  that  later  transcribers^ 
to  whom  the  origin  of  this  abbreviation  was  not  known, 
may  have  endeavoured  to  give  it  a  greater  resemblance 
to  the  caduceus  of  Mercury.      In  short,  it  cannot  be 
denied  that  many  other  astronomical  characters  ate 
real  symbols,  or  a  kind  of  proper  hieroglyphics,  that 
represent  certain  attributes  or  circumstances,  like  the 
characters  of  Aries,.  Leo,  and  others  quoted  by  San* 
maise." 
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CLASS    IL 


BRITTLE  AND  EASILY  FUSED  METALS* 


X^i^  metals  belonging  to  this  class  are  only  four  ia 
namber  j  namelj,  bismuth,  antimony,  tellurium,  arse- 
nic. Their  brittleness  renders  them  of  much  inferior 
importance,  as  metals,  to  those  belonging  to  the  first 
class.  But  the  low  temperature  at  which  they  melt 
(between  800°  and  476°),  makes  it  easy  to  cast  them 
into  moulds,  and  even  to  alloy  them  with  the  more  fusi- 
ble of  the  ductile  metals.  The  activity  of  the  prepara- 
tions of  antimony,  and  the  poisonous  nature  of  arsenic^ 
have  given  these  metals  importance  in  a  medical  point 
of  view.  None  of  the  metals  belonging  to  this  class 
seem  to  have  been  known  to  the  ancients  in  the  metal' 
lie  state* 


ii» 
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Bbokl. 
IXfiriooI.  _^ 


SECT.  XVI. 


•  F  BISMUTH, 


Hitey.  I.  jLhe  ores  of  this  metal  are  ver j  few  in  numbtr,  mi 
occur  chieflj  in  Germany.  This,  in  some  measure,  ac- 
counts for  tlie  ignorance  of  the  Greeks  and  ArabisBS, 
neither  of  whom  appear  to  have  been  acquainted  with 
bismuth.  The  German  miners,  however,  seem  to  have 
distinguished  it  at  a  prettj  earlj  period,  and  to  have 
given  it  the  name  of  bismuth  ;  for  Agricola,  in  his  tret* 
tise  intitled  Bermanfms^  written  at  least  as  early  as 
1529,  describes  it  under  that  name  as  well  known  ia 
Germany,  and  considers  it  as  a  peculiar  metal.  The 
miners  gave  it  also  the  name  of  tectum  argenti ;  and 
appear  to  have  considered  it  as  silver  beginning  to  form, 
and  not  yet  completed*.  Mr  Pott  collected  in  his  dis- 
sertation on  bismuth  every  thing  respecting  it  contain- 
ed in  the  writings  of  the  alchy  mists.  Beccher  seems  to 
have  been  the  first  chemist  who  pointed  out  some  of  its 
most  remarkable  properties.  Pott's  dissertation,  pub* 
lished  in  1139,  contained  an  account  of  its  habitudes 
with  different  chemical  substances.  Several  additional 
facts  were  given  by  Neuman  in  his  chemistry,  by  Hcl- 
lot,  and  Dufay  ;  but  Geoffroj,  junior,  was  the  first  who 


•  Konig's  Re^mum  Miner jlcy  p.  8o,  Even  so  late  as  the  end  of  the 
17th  century  it  was  considered  as  a  species  of  lead.  There  are  three 
kinds  of  lead,  says  Etmullcr ;  namely,  common  lead,  tin,  and  bismuth* 
Biamuih  approaches  nearest  to  silver.    EtmuUet't  Citmhirj,  p*  3U» 


iindertook  ft  complete  series  of  experiments  on  it.  The  Chtp.tV# 
first  part  of  his  labours  was  published  in  the  Memoirs 
of  the  French  Academy  for  1753  ;  but  his  death  pre- 
vented the  cotnpletion  of  his  plan*  Chemists  for  some 
time  were  disposed  to  consider  bismuth  as  ail  alloj,  but 
this  opinion  was  gradually  laid  aside. 

1.  Bismuth  is  of  a  reddish  white  colour,  and  almost  I^ropertieM 
destitute  both  of  taste  and  smelL     It  is  composed  of 

broad  brilliant  plates  adhering  to  each  other.  The  fi- 
gure of  its  particles,  according  to  Hauj,  is  an  octahe« 
droHy  or  two  four- sided  pyramids,  applied  base  to 
base*. 

2.  Its  hardness  is  7.     Its  specific  gravity  is  0*822  f  4 

3.  When  hammered  cautiously,  its  density,  as  Mtts«  * 
chenbroeck  ascertained,  is  considerably  increased.     It 

is  not  tlierefore  very  brittle ;  it  breaks,  however,  when 
Struck  smartly  by  a  hammer,  and  consequently  is  not 
malleable.  Neither  can  it  be  drawn  out  into  wire.  Its 
tenacity,  from  the  trials  of  Muschenbroeck,  appears  to 
be  such,  that  a  rod  -rV^h  inch  in  diameter  is  capable  o^ 
sustaining  a  weight  of  nearly  29lbs. 

4.  When  heated  to  the  temperature  of  470°  J,  it 
melts  ;  and  if  the  heat  be  much  increased  it  evapor«|es^ 
and  may  be  distilled  over  in  close  vessels.  When  al- 
lowed to  cool  slowly,  and  when  the  liquid  metal  is 
withdrawn,  as  soon  as  the  surface  congeals,  it  crystail- 
lizes  in  parallelepipeds,  which  cross  each  other  at  right 
angles. 

II.  When  exposed  to  the  air,  it  soon  loses  its  lustre^ 


*  Jaur.  Je  Min,  An.  v.  p.  582.  f  BrisfOfi  and  Hatchctt* 

X  Irvine,  Nicholfon^s  /«vr.  is.  46. 
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tfoBwith 


ffemide. 


bat  scareelj  undergoes  any  other  change.     It  ift  not  il* 
tered  when  kept  nnder  wstec* 

When  kept  meked  in  tn  open  vene!,  its  aorfwe  it 
toon  covered  with  a  dark  blue  peUide ;  when  this  ii' 
removed,  another  succeeds,  till  the  whole  mi^  is  on* 
dized.  When  these  pellicles  are  kept  hot  and  agitated 
in  an  open  vessel,  thej  are  soon  converted  into  a  hnwa* 
ish  or  yellowish  powder.  • 

When  bismnttiis  raised  to  a  strong  rod  heat^  it  tskes 

fire  and  bums  with  a  £sint  blue  tame,  and  eailts  a  jd- 

'  low  smoke,  as  was  first  observed  bj  Geoffiroy.    Whea 

this  is  collected,  it  is  a  yellow  powder,  not  vdlatik^ 

which  has  been  called  ytOowoxidt  ^humtoh. 

When  bismuth  is  dissolved  in  nitric  acid,  if  water  be 
poured  into  the  solution,  a  white  powder  predpitste^ 
which  was  formerly  caUed  wiaguUiy  of  Utmuib*  TUi 
powder  is  used  as  a  paint,  under  the  name  idpHtri  or 
JiMii  whii4.  Bttcholx  has  demonstrated  that  this  poir- 
der  is  a  ^compound  of  oxide  of  bismuth  and  nitric  acid. 
From  his  experiments^  compared  with  those  of  Kls- 
p'roth  *,  we  learn  that  the  yellow  oxide  of  bismuth  is 
composed  of  100  bismuth  and  12  oxygen,  or  per  cat* 
of  about 

• 

80*3  bismuth      « 
i0*7  oxygen 


100-0 


This  is  the  only  oxide  of  bismuth  at  present  kaowa 
with  precision.  It  is  tasteless  and  insoluble  in  water. 
In  the  fire  it  is  fixed,  but  melts  readily  into  a  browa 


S  Klaproch't  £ff/nv»»  ii.  994.    MtMM'^MeHrtigt.ULi. 
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|:;lass.     In  this  respect  it  resembles  the  oiddeS  of  letf  •    ChtpLlV. 
Bismuth  is  sometimes  used  in  the  process  of  cupella*  ' 

tion  instead  of  lead.  It  was  first  proposed  fot  that  pur- 
pose by  Dufay  in  1727,  and  hh  experiments  were  af« 
terwafds  confirmed  by  Pott. 

These  oxides  are  easily  reduced  when  heated  along 
with  charcoal  or  other  combustible  bodies  ;  for  the  af- 
finity between  bismuth  and  oxygen  is  but  weak. 

III.  Bismuth  has  ilot  been  combined  with  carbon  phonliiiiitt 
DOT  hydrogen.  Neither  does  ft  seem  capable  of  cbmbi^ 
hing  in  any  notable  proportion  with  phosphorus.  Mr 
Pelletier  attempted  to  produce  the  phosphuret  of  bis*' 
math  by  Various  methods  without  success.  When  he 
dropped  phosphorus^  however,  into  bismuth  in  fusion, 
be  obtained  a  substance  which  did  not  apparently  differ 
from  bismuth,  but  which,  when  exposed  to  the  blow^ 
pipe,  gave  evident  signs  of  containing  phosphorus  *• 
This  substance,  according  to  Pelletier,  did  not  contain 
above  four  parts  in  the  hundred  of  phosphorus,  and 
even  this  small  portion  seems  only  to  have  been  me- 
chanically mixed. 

2.  Sulphur  combines  readily  With  bismuth  by  fusion.  SulphdrA, 
The  sulphuret  of  bismuth  is  of  a  bluish  grey  colour^ 
It  crystalli^s  in  beautiful  tctrahedral  needles,  which 
cross  each  other.  It  is  very  brittle  and  fusible^  and 
bears  a  strong  resemblance  to  sulphuret  of  antimony, 
bat  is  rather  brighter  coloured i  One  hundred  parts  of 
bismuth,  according  to  Wenzel's  experiments,  unite  by 
fusion  to  IV p  of  sulphur.  Hence  the  sulphuret  of  bi^ 
SQUth  is  composed  of  about 


jam. 


'^  Ann,  dt  Ciim,  siiL  30. 
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Bookl.^       -        •  85  bismuth 

15  sulphur 


100* 


V.  Bismuth  combines  readily  with  most  metallic  bo* 
dies,  and  forms  compounds,  few  of  which  have  been  ap- 
plied to  any  useful  purposes. 
Alloys  with        1.  Gold  combines  verj  readily  with  bismuth  by  fu* 
f^  sioh.     An  alloy  composed  of  11  gold  and  one  bismoth 

was  found  by  Hatchet t  to  have  a  greenish  yellow  oo- 
lour,  like  bad  brass.  It  was  very  brittle,  and  had  a  fine 
f^rained  earthy  fracture.  Its  specific  gravity  was  18*03Sr 
The  bulk  of  the  metals  before  fusion  was  1000^  after  it 
only  088.  They  had  suffered,  therefoie,  a  considera- 
ble contraction.  The  properties  of  the  alloy  continued 
nearly  t'le  same  whdn  the  bismuth  amounted  to  ^k 
of  the  compound  ;  the  requisite  quantity  of  copper  tc^ 
reduce  the  i^old  to  standard  being  added.  When  the 
'  bismuth  was  diminished  beyond  this  proportion,  the  co- 
lour of  the  alloy  became  nearly  that  of  gold ;  but  its  brit- 
tlcness  continued  even  when  the  bismuth  did  not  exceed 
^^V^tb  of  the  mass.  As  the  proportion  of  bismuth  di- 
minished, and  that  of  the  copper  increased  (the  gold 
being  always  standard),  lUe  contraction  disappeared,  and 
an  expansion  took  place,  which  was  soon  much  greater 
.than  when  copper  alone  was  used  to  alloy  the  gold. 
This  curious  progression  will  appear  evident  from  the 
followinor  Table  +. 


•  Vcr.v.imltschafr,  p.  280. 

f  The  spc  ijic^ravi:)  ol  thr  gold  was    19-172  (it  was  23  cants  8 J 
grains  fine),  of  the  bismuth  9*822,  of  the  copper  8-895. 


BISMCTHi 


Metals.     '  Grains, 

e      •£             Bulk  be- 
Specific «..-.     j.^,^^ 

v.ty  ot  aLoy.    j^,;^, 

Do.  after. 

Chaqge 
ofbuUL 

Gold        '442 
Bismuth!  38 

18-038 
17*302 

1000 

988 

—12 

Gold        442 
Copper      30 
Bismuth       8 

1 

1000 

1018 

+13 

Gold        442 
Copper      34 
Bismuth       4 

16*840 

1000 

1044 

+44. 

Gold 

Copper 

Bismuth 

442 
37-5 
0-5 

16*780 

1000 

1047 

+41 

1 

+27 

Gold 

Copper 

Bismuth 

442       • 
3T75 
0-25 

17-C95 

1000 

1027 

Cbip.  IV. 


So  great  Is  the  tendency  of  bismuth  to  give  brittlcness 
to  gold,  that  the  precious  metal  is  deprived  of  its  ducti- 
lity, merely  by  keeping  it,  while  in  fusion^  near  bis- 
xnuth  raised  to  the  same  temperature  *. 

2.  Bismuth  and  platinum  readily  melt  and  combing  ^I*tinuin^ 
when  exposed  rapidly  to  a  strong  heat.  Dr  Lewis  fu- 
sed  the  metals  in  various  proportions,  from  one  of  bis- 
xnuth  to  24  with  one  of  platinum.  The  alloys  wefe 
all  as  brittle,  and  nearly  as  soft  as  bismuth  ;  and  when 
broken,  the  fracture  had  a  foliated  appearance.  When 
t}iis  alloy  is  exposed  to  the  air,  it  assumes  a  purple,  vio- 


*  See  Hacchctt  oo  the  Ailo^i  of  GM,  p.  %6* 


1 


«10  BMfTLE  UKtAIS. 

ga^l^    )et  or  Hue  colour.    The  bismodi  can  scarcely  be  Ht 
naratcd  by  heat  *. 

S*  Bismuth  copii)tues  readily  with  silver  by  fusioa. 
The  alloy  is  brittle ;  its  colour  is  nearly  that  of  bis- 
muth ;  its  texture  lamellar ;  and  its  specific  gravilj 
greater  than  the  mean.  According  to  Muscheobroeck, 
the  specific  gravity  of  an  alloy  of  ^qua)  parts  tHsaudi 
and  silver  is  10*100*2  f. 

MirP'/»         i*  Mercury  combines  readily  with  bismuth^  eiAcr 
]by  triturating  the  metals  together,  or  by  pouring  tuo 
parts  of  hot  mercury  into  one  part  of  melted  bismodL 
This  amalgam  is  at  first  soft,  but  it  becomes  gradoalif 
bard.     When  melted  and  cooled  slowly,  it  cryatallizcs.- 
When  the  quantity  of  mercury  czoeeds  the  biaawtk 
considerably,  the  amalgam  remains  fluid,  and  has  the 
property  of  dissolving  ]<ead,  and  reifderiag  it  4lao  fluid. 
This  curious  fact  was  first  described  by  Beccher,  who  dm 
Ibined  that  a  mixture  of  three  parts  mercury,  one  lead, 
and  one  bismuth,  form  a  perfectly  fluid  amalgan^    This 
triple  compoiind  may  be  ^tered  through  sharoois  la^ 
tber  without  decomposition.      Mercury  is  soxnetimei 
adulterated  with  these  metals  ^  but  the  imposition  may 
^  easily  detected,  not  only  by  the  specific  gravity  of 
the  mercury,  which  is  too  small,  but  because  it  drags  a 
tMif  as  the  workmen  say  ;  that  is,  when  a  drop  of  it  is 
agitated  on  a  plain  surface,  tiie  drop  does  not  remain 
sphericle^  but  part  of  it  adheres  to  the  surface,  as  if  it 
were  not  completely  fluid,  or  as  if  it  were  inclosed  in  a 
thin  pellicle.     This  anialgam  is  used  hot  for  silvering 
'    glass  balls. 

fttf^  5«  Copppr  forms  with  bismuth  a  brittle  alloy  of  a 


f  Fii/osefl,  Cmnurte^  p.  509  aod  ^7^  f  WiiKAerg,  i.  i6p. 
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!  jpilc  red  colour^  and  a  specific  gravity  exactly  Ihc  mean    Chap.  IV, 

of  that  of  the  two  metals  alloyed  *• 
:       6.  Bismuth  combines  but  imperfectly  with  ironf.   Imdi 
;  The  alloy  is  brittle,  and  attnu:ted  by  the  magnet  even 
f   vrhen  the  bismuth  amounts  to  j^ths  of  the  whole  %.    The 
;  specific  gravity  of  this  alloy  is  less  than  the  mean  $• 
:        7.  Bismuth  and  tin  unite  readily.     A  small  portion  Tin, 

of  bismuth  increases  the  brightness,  hardness,  and  so- 
•  norousness  of  tin  :  it  often  enters  into  the  composition 
I  ol^ewter,  though  never  in  Britain.  Equal  parts  of  tin 
1  and  bismuth  form  an  alloy  that  melts  at  280^  :  eight 
;  parts  of  tin  and  one  of  bismuth  melt  at  990^  :  two 
parts ^of  tin  and  one  of  bismuth  at  330^  ||. 

8.  The  alloy  of  lead  and  bismuth  is  of  a  dark  grey  ^^^ 
colour  and  close  grain  ^.  It  is  ductile,  unless  the  bis-  . 
math  exceeds  the  lead  considerably  **.  Bismuth  in- 
creases the  tenacity  of  lead  prodigiously.  Muschen- 
broeck  found,,  that  the  tenacity  of  an  alloy,  composed  of 
three  parts  of  lead  and  two  of  bismuth,  was  ten  times 
greater  than  that  of  pure  lead.  The  specific  gravity  of 
this  alloy  is  greater  than  the  mean  f f. 

p.  When  eight  parts  of  bismuth,  five  of  lead,  and 
three  of  tin,  are  melted  together,  a  white  coloured  aU 
loy  is  obtained,  which  melts  at  the  temperature  of  212^, 
and  therefore  remains  melted  under  boiling  water. 

10.  The  alloy  of  bismuth  and  nickel  is  brittle,  and  iMul 
formed  of  thin  plates  tt* 

11.  Bismuth  does  not  combine  with  zinc. 


»  Gellert.         f  Moschenbrocck.         J  Hcnkd.  {  OcUcrf. 

4  Dr  Lewis,  Nemrun*!  Cbem.  p.  x  1 1.  f  .  a'lcriu!. 

«•  Baumc.  \\  Gclkrt.  ^\  CrontcedL 
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SECT.  XVII. 

OF    ANTIMONY. 


putor]r«  I.  1  HE  ancients  were  acquaioted  with  an  oxide  of  a3« 
timony,  to  which  they  gave  the  names  of  o-h^f^t  and//^ 
i>ium.  Pliny  *  informs  us,  that  it  was  found  in  silvff 
ore ;  and  weknow  that  at  present  there  are  silver  orcsf 
in  which  it  is  cofitained.  It  was  used  as  an  external 
application  to  sore  eyes;  and  Ph'ny  gives  us  the  method 
of  preparing  it  %.  It  is  probable  that  a  dark  bluish 
grey  mineral,  of  a  metallic  lustre,  was  also  known  to 
them  by  the  same  names*  It  certainly  bore  these  names 
as  early  at  least  as  the  eighth  century.  This  mineral  is 
composed  of  the  metal  now  called  antiniGriy  and  sulphur; 
but  it  was  known  by  the  name  of  antimony  ever  since 
the  days  of  Basil  Valentine  till  very  lately.  The  me- 
tal itself,  after  it  was  discovered,  was  denominated  n- 
gulus  oj  antimony.  The  Asiatic  ||  and  Grecian  hdiei 
employed  this  mineral  to  paint  tlieir  eyebrows  black. 
But  it  does  not  nppear  that  the  ancients  considered  this 
substance  as  containing  a  metal,  or  that  they  knew  our 
antimony  in  a  state  of  purity  j.     Who  first  extracted  it 


*  Piiny,  lib.  xxxiii.  cap.  6.  f  Kirvvan's  ATrn.r  if.  itc. 

t  Pliny,  iWi<\.  \[  2  Kirgs.  ix.  30.  and  Ex^k.  xriii.4:'. 

§  Mr  Rniix,  inJ.ticd,  who  at  the  rcquc&:  of  Count  Caylu?  analys^'d  an  an- 
cient n;iri'<r,  found  it  conipoffd  of  copper,  Icai!,  and  antimony.  ThA 
would  go  Idi  to  convince  us  that  the  ancients  knew  this  mctaj, provided 
it  coulu  bu-  proved  that  the  mirror  was  natty  an  aiicicDt  one  ;  but  &J 
i3oljil  appears  Co  be  ci^en>ely  doubtful* 
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from  its  ore  we  do  not  know  ;  but  Basil  Valentine  is  Cbap.  IV.^ 
Che  iirst  who  describes  the  process.  To  his  Currus 
lyiumphalis  jJntimouii,  published  towards  the  end  of 
the  fifteenth  century,  and  to  the  exertions  of  those  medi- 
cal alohjmists  who  followed  his  career,  we  are  indebted 
for  almost  all  the  properties  of  this  substance. 

No  metaly  not  even  mercury  nor  iron,  has  attracted 
^  much  of  the  attention  of  physicians  as  antimpdy. 
Que  party  extolled  it  as  an  infallible  specific  for  every 
disease :  while  another  decried  it  as  a  most  virulent 
poison,  which  ought  to  be  expunged  from  the  list  of 
medicines.  Lemeri,  about  the  end  of  the  I7ch  centUr 
ry,  was  the  first  chemist  who  attempted  a  rational  ac- 
count of  its  properties;  and  Mender,  in  1788,  publish'* 
ed  the  first  accurate  analysis  ot*  its  ores  *.  But  the 
number  of  writers  who  have  made  this  metal  their  par- 
ticular study  is  so  great,  that  it  would  be  in  vain  to  at- 
tempt even  a  list  of  their  names.  Bergman,  BerthoUet, 
Thenard,  and  Proust,  are  the  modern  chemists  who  have 
thrown  the  greatest  light  upon  its  properties  f . 

1.  Antimony  is  of  a  greyish  white  colour,  and  has  a  Propertieai 
good  deal  of  brilliancy.     Its  texture  is  laminated,  and 
exhibits  plates  crossing  each  other  in  every  direction^  ^ 


•  Analysts  Afiiimon^i  VbyicO'cLim,  Ratiotialis. 

•f-  Thtr  word  aLohol^  which  is  still  employed  in  chemiitry,  was,  if  wc 
believe  Honierus  Poppius  Tballinus,  first  applied  to  this  mineral.  **  His- 
panicis  mulicrculis  ejus  usus  in  cUJorura  pulchritudine  concilianda  fuit 
usiurissimus :  pulvercm  autcm  vocabant  alcohol  (qux  vox  etiani  adhuc 
in  Henneticorum  laborutoriis  sonat)  ;  undc  antimonium  ctudum  cc  ooo^ 
<lum  contusuni  picdra  de  alcohol  nonrilnaruiit."  It  was  known  among 
the  alchy mists  by  a  great  variety  of  absurd  names}  such  as,  OtLla^  alko^ 
fcly  aUosol^  aricsf  saturnus  ^l/Uosofiorum^  magnesia  saiurnif  Jtlsus  and  tiQtbMs 
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BookL  and  tomdtimes  astoining  the  appesnmce  of  impdt&t 
crystals.  Hauj  has  with  great  labour  ascertained^  thsi 
the  primitive  form  of  these  crystals  is  an  octahednia^ 
and  that  the  integrant  particles  of  antimonj  hmve  ths 
figure  of  tetrahedrons  *•  When  mbbed  npon  the  fio* 
gttip  it  communicates  to  them  a  pecoUar  taste  and 
smell. 

2.  Its  Jiardness  is  6|.  Its  spedfic  grartty  is,  aocoid- 
ing  to  Brisson,  6*102;  according  to  Bergauuit  0*80. 
Halehett  fonnd  it  0*712f . 

3*  It  is  very  brittle,  and  may  be  easily  reduced  in  a 
mortar  to  a  fine  powder.  Its  tenacity,  from  the  ezperi* 
ments  of  Muschenbroeck,  appears  to  be  such,  that  a  rod 
of  T^th  inch  diameter  is  capable  of  supporting  about  10 
pounds  weight. 

4.  When  heatsd  to  810^  Fahrenheit,  or  just  to  red- 
ness, it  melts  t*  If  after  this  the  heat  be  increased,  the 
metal  evaporates.  On  cooling,  it  assumes  the  form  of 
obloog  crystals,  perpendicular  to  the  internal  surface  cf 
the  vessel  in  which  it  cools.  It  is  to  this  crystallization 
that  the  laminated  structure  which  antimony  always  as* 
sumes  is  owing. 

II.  When  exposed  to  the  air,  it  undergoes  no  change 
*  except  the  loss  of  its  lustre.    Neither  is  it  altered  by  be- 
ing kept  under  water.    But  when  steam  is  made  to  pass 
over  red  hot  antimony,  it  is  decomposed  so  rapidly  that 
a  violent  detonation  is  the  consequence  §. 

When  heated  in  an  open  vessel,  it  gradually  com- 
bines with  oxygen,  and  evaporates  in  a  white  vapour. 
This  vapour,  when  collected,  constitutes  a  white  colour- 


•  Jotr.  Je  Af /«.  An.  v.  6ox.  f  On  the  AiUys  •/  CoU,  p.  6S. 

t  Mortimer^         5  I'^voiaicr  and  Meunuer,  Mem,  Pan  X7Si»  p^  Sf4. 
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€(1  oxidcy  formerly  called  argentine  flowers  of  antimbny.    Chap.  IV. 
When  raised  to  a  white  heat,  and  suddenly  agitated^  • 

antimony  bums,  and  is  converted  into  the  same  white 
coloured  oxide. 

According  to  Thenard  *,  who  published  an  excel- 
lent dissertation  on  antimony  some  time  ago,  this  metal 
is  capable  of  combining  with  no  less  than  six  different 
doses  of  oxygen,  and  of  forming  six  oxides,  which  may 
be  exhibited  in  a  separate  state.  But  his  method  of 
obtaining  most  of  these  bodies,  namely,  by  the  appli* 
cation  of  heat,  does  not  seem  capable  of  leading  to  any 
very  precise  result ;  while  at  the  same  time  several  of 
his  oxides  differ  from  each  other  only  by  one  or  two 
hundredth  parts  of  oxygen ;  a  degree  of  precision  much 
greater  than  chemists  are  able  at  present  to  attain. 
Proust  has  lately  examined  this  important  question,  and 
has  found  antimony  capable  of  forming  only  two  ox- 
ides, agreeing  in  this  respect  with  most  of  the  other 
metals. 

1.  The  protoxide  of  antimony  may  be  obtained  by  protoxidi. 
the  following  process.  Dissolve  antimony  in  muriatic 
acid,  and  dilute  the  solution  with  water  :  a  white  pre* 
cipitate  appears,  composed  of  the  protoxide  of  antimo- 
ny combined  with  a  little  muriatic  acid  f.  Wash  this 
precipitate  with  water,  and  boil  it  for  some  time  in  a 
solution  of  carbonate  of  potash.  Then  wash  it  well, 
and  dry  it  on  a  filter  %• 


:c= 


*  Ann.  it  Cbim.  XZlii.  259. 

f  The  white  powder  thus  obtained  was  formerlj  called  poxedtr  ofAV' 
^roth,  from  Victor  Algarothi,  a  physician  in  Verona,  who  first  procured 
it  in  that  manner  from  muriate  of  aDiinionj. 

4  JVouit  Jour,  d:  fty.  W.  358. 
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Book  T.      This  substance  is  found  native  in  great  abundance,  and 
<      ^      >   indeed  is  almost  the  onlj  ore  oi  antimony.     It  was  to 
this  sulphuret  that  the  term  antimony  was  applied  bj 
the  earlier  chemists ;  the  pure  metal  was  called  regMlm 
of  antimony  *. 
Clam  of  2.  The  protoxide  of  antimony  has  the  property  o£ 

*°^*"*"'^'  dissolving  different  proportions  of  sulphuret  when  in  a 
state  of  fusion.  The  resulting  compound  is  a  semitrao- 
sparent  substance  of  a  brownish  red  coloar,  differing 
considerably  in  its  appearance  according  to  the  propoc* 
tion  of  its  ingredients.  When  it  is  composed  of  about 
eight  parts  of  oxide  and  one  part  of  sulphuret,  it  has  a 
red  colour,  and  is  semitransparent. .  It  is  then  calkd 
glass  of  antimony.  When  it  contains  eight  parts  oxide 
and  two  sulphuret,  it  is  opaque,  and  of  a  red  colour  in- 
clining to  yellow.  This  is  the  crocus  metaliormm  of 
,  apothecaries.    Eight  parts  of  oxide  and  four  of  salphor- 

et  form  an  opaque  mass  of  a  dark  red  colour.     This  is 
the  liver  of  antimony  of  apothecaries  f. 

When  sulphur  is  heated  with  either  of  the  oxides,  it 
reduces  them  to  the  metallic  state,  if  sufficient  in  qnao* 
tity  ;  if  too  small  for  thar,  it  deoxidizes  a  portion,  com- 
bines with  it,  and  the  sulphuret  formed  unites  with  the 
remaining  oxide,  always  converted  to  a  protoxide, 
Hcfice  the  reason  that  these  different  compounds  maj 


*  Su'.phurct  of  an?Iiiiony  is  jomcttmes  used  to  st-paratc  the  baSfr  niJ- 
tals  from  |;oM.  Wh jn  heated  along  with  jjold,  it  carries  off  all  the  othff 
ir.ct.il»,  while  part  of  the  antimony  combine«i  with  the  gold.  This  is  re- 
moved by  oxidizing  the  gold  by  means  of  heat  and  nitre.  This  proper- 
fy  of  julphurct  o!  autimory  indnccd  the  alchymists  to  give  it  the  natnc 
of  the  vL'cl/^  quia  fon^cia  sua  omnia  metalla  prxtcr  lecncn,  h.  e,  anruoi, 
S".mit.     Uyftfieri  Pof'pii  baiiUca  AntinctnUy  c.  r. 

f  r-'.-UrS^:.;.'.  Je  Phy.  It.  334. 
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be  formed  by  a  great  variety  of  processes.  The  glass  Ch>p.lV.^ 
of  antimony  is  usually  prepared  by  exposing  sulphuret 
of  antimony  in  powder  to  a  gentle  heat  for  a  consider- 
able  time  in  an  open  vessel.  By  this  process,  which 
is  called  roasting,  the  greater  part  of  the  sulphur  is 
driven  oflTy  and  the  metal  is  reduced  to  a  protoxide.  In 
this  state  it  is  put  into  a  crucible^  an4  melted  by  a  sud- 
den heat  into  glass.  If  the  roasting  has  been  carried  so 
far  as  to  drive  off  the  whole  of  the  sulphur,  only  dark 
coloured  scoriae  are  obtained ;  but  on  the  addition  of  a 
little  sulphur  or  sulphuret  of  antimony,*  the  glass  may 
be  easily  formed  *.  The  glass  sold  by  apothecaries  is 
seldom  or  never  pure,  containing  almost  always,  fis 
Vauquelin  has  demonstrated,  about  0*09  f  parts  of  si- 
lica X ;  derived  undoubtedly  from  the  crucibles  in  which 
the  oxidized  sulphuret  is  fused ;  for  these  crucibles  con- 
tain a  very  great  proportion  of  siliceous  earth. 

The  peroxide  of  antimony  is  incapable  of  dissolving 
any  sulphuret.     Of  course  it  does  not  form  a  glass. 

3.  When  equal  parts  of  antimony  and  phosphoric   phoaiho- 
glass  are  mixed  together  with  a  (little  charcoal  powder,   ^^ 
and  melted  in  a  crucible,  phosphuret  of  antimony  is 
produced.     It  is  of  a  white  colour,  brittle,  appears  la- 
minated when  broken,  and  at  the  fracture  a  number  of  { 
small  cubic  facettes  are  observable.     When  melted  it% 
emits  a  green  flame,  and  the  white  oxide  of  antimony 
sublimes.     Phosphuret  of  antimony  may  likewise  be 
prepared  by  fusing  equal  parts  of  antimony  and  plios- 


*  Bergman,  Hi.  i66. 

f  Ann,  dt  Cbim,  xixlv.  X39. 

I  An  carib  which  will  be  described  In  die  next  Boob» 
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Book!.      pTioric  glass,  or'bj  dropping  phosphorus  into  tnelttd 

V  antimony  *. 

IV.    Antimony  does  not  combine  with  azote,  nor 
t^itb  muriatic  acid. 

Alloys  with  V.  Antimony  combines  readily  with  xtiost  of  the 
metals  ;  but  tlie  greater  number  of  its  alloys  hare  not 
been  applied  to  any  use. 

Gold  1*  Antimony  and  gold  may  be  combined    by  fusion^ 

and  form'  a  brittle  compound  of  a  yellow  colour.  Great 
attention  was  paid  to  this  alloy  by  the  alchyxnistSy  who 
affirmed,  that  the  quantity  of  gold  might  be  increased 
by  alloying  it  with  antimony  and  then  purifying  it  t» 

Gold  made  standard  by  antimony,  in  Mr  Hatchett's 
c^Lperiments,  was  of  a  dull  pale  colour,  not  onlike  tu- 
tcnague.  It  was  exceedingly  brittle,  and  in  the  frac- 
ture was  of  an  ash  colour,  with  a  fine  close  grain,  not 
unlike  that  of  porcelain.  Its  specific  gravity  was 
in-.020«  The  bulk  of  the  two  metals  before  funon 
being  1000,  after  fusion  it  was  P87.  Hence  they  snf- 
fer  a  considerable  contraction.  A  very  small  propor- 
tion of  antimony  destroys  the  ductility  of  gold  ;  the  al- 
loy was  perfectly  brittle  when  the  antimony  did  not  ex- 
ceed -ivTu^b  part  of  the  mass.  Even  the  fumes  of  an- 
timony, in  the  neighbourhood  of  melted  gold,  are  suffi- 
'cient  to  destroy  its  ductility  J. 

riatlmim.  2.  Platinum  easily   combines  with   antimony.     The 

alloy  of  equal    parts  is  brittle,  and   of  a  much  duller 


•  PcllctlcT,  .•//.n.  tir  C'l.'.-r.  xili    i;,2. 

I  This  iiKiiK.' th«'n;  j:i\\'  r.::r:iroin  tlif  name  o{  balnntrtt  resale.  TKc 
cause  ol  t!:clr  ml-»tahc  >'  obviuii»« ;  ih  y  tliil  nor  M»p.iratc  the  whole  of  tlho 
antimony  iroin  the  ^nij  ;  hence  the  inrrrase  of  weight. 

\  Hatchctt  on  ibc  AH^y-  •/  Ui,lJ^  p.  i^;. 
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telour  than  antimony.      The  antimony  canaot  after-    Chip.  IV.^ 
wards   be  complciely  separated  by  heat.      When  ibe 
antimony  exceeds,  the  plaiinom  is  apt  to  subside  in  slow 
eooling  ". 

3.  Silver  may  be  alloyed  with   antimony  by  fusion.   sa»tr, 
fFhc  alloy  is  brittle,  and  ils  specific  gravity,  as  Gellert 

■  hn  obseivedf,  is  greater  than  intermei^iate  between 
tbe  specific  gravities  of  the  two  metals  which  enter 
into  ii. 

4.  Pott  first  observed,  that  antimony,  rednced  from  Memiffj 
kits  sulphurei   by  means  of  iron  and  chalk,   unites  rea- 
dily with  mercury  by  irituralion.       Antimony  may  be 

easily  amalgamated  by  pouring  it  while  in  fusion  into 
inercnry  almost  boiling  hot  J.  When  three  parts  of 
mercury  arc  mixed  in  this  manner  with  one  part  of 
melted  antimony,  a  soft  amalgam  is  obiaiued,  which 
very  soon  decomposes  of  itself  §.  Gellert  also  succeed- 
ed in  forming  this  amalgam  ||. 

5.  Copper  combines  readily  with  antimony  by  fu-    Ct>ppfri 
sion.       The  alloy   is  biiiiie  when  it  consists  of  equal 
pans  of  the  two  mi;i3U,  is  of  a  beautiful  violet  colour, 

and  its  specific  gravity  is  greater  than  intermediate  ^. 
Xbix  alloy  was  called  rrguluj  of  l^enut  by  the  alchy- 
mists. 

C-    Iron   combines  with    antimony    by    fusion,  and   i,on 
forms  a  brittle  hard  white   coloured  alloy,  the  specific 
gravity  of  which  is  less  than  intermediate.     The  mag- 
netic   quality  of  iron   is   much    more   diminished   by 
bcin^i^lloyed    with  antimony  than  with   most  other 


•  Lcnit,  fitf.  CM..p.jsi. 
t    Lewis,  Ntumaii't  Chm.  p,  i 

II  Afctj//.  i7if».]i.  III. 

roi.  I. 


t  MitiJlittif  Cltmi.i 
t  Oellert,  p.  136. 
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mcUh*.    This  alloy  may  be  obtained  alto  bj 

in  a  crucible  two  parts  of  lulphuret  and  one  of  iron,  k 

was  formerly  called  martial  rtgmlms. 

Tk,  7.  The  alloy  of  tin  and  antimony  is  white  and  hril» 

de  ;  its  specific  gravity  is  less  than  intermediate  f.  Tin 
aUoy  is  employed  for  different  purposea  ;  particohify 
for  making  the  plates  on  which  music  is  engravedt> 
Pewter  often  consists  chiefly  of  this  alloj. 

Thenard  has  pointed  out  a  remarkable  property  it 
this  alloy.  If  its  solution  in  muriatic  acid  be  de- 
luted  with  water  the  whole  of  the  two  metals  is  pnar 
pitatedf. 

ImAf  8.   When  eqtial  quantities  of  lead  and  antimooy  sr 

fused,  the  alloy  is  porous  and  brittle:  three  parts  of  ksi 
and  one  of  antimony  form  a  compact  alloy,  mallesUi^ 
and  much  harder  than  lead :  IS  parts  of  lead  and  mt 
of  antimony  form  an  alloy  rery  malleable^  and  a  g&d 
deal  harder  than  lead  :  16  parts  of  lead  and  one^JF  si^ 
timony  form  an  alloy  which  does  not  differ  from  ksd 
except  in  hardness  ||.  This  alloy  forms  printers  typo. 
Its  tenacity  is  very  considerable  %,  and  its  specific  gn* 
vity  is  greater  than  the  mean  **• 

0.  Zinc  may  be  readily  combined  with  antimony  hj 
fusion.  The  alloy  is  hard  and  brittle,  and  has  the  oa- 
lour  of  steel.      Its  specific  gravity  is  less  than  inter- 

diate+t« 
..      .  10.  Antimony  forms  a  brittle  alloy  with  bisninllij 


ciac. 


i 


*  Gcllerf.p.  136.  f  Ibid. 

\  f ourcroy,  vi.  25.  {  Aam.  de  Chim,  !▼.  2yi, 

H  Gmeiin,  Ann.  dt  Cbim,  Till*  3191  i  MuKhenbrocck* 

♦♦  Gclkrt,  p.  136*  tt  l^i*^- 


TELLURItJM.  32S 

to   mangadese  it  unites  but  imperfectly  * :  the  com-     Chap>  IV. 
pounds  which  it  forms  with  nickel  and  cobalt  have  not 
been  examined* 


SECT,    XVIIL 


OF   TELLURIUM. 


J^  1  HE  mine  of  Mari^hilf,  in  the  mountains  of  FatlK-  Hiitorx« 
bajy  near  Zalethna,  in  Transylvania,  contains  an  ore  of 
m  bluish  white  colour  and  a  metallic  lustre  ;  concerning 
the  nature  of  which  mineralogists  were  for  a  long  time 
doubtful.     That  it  contained  a  little  gold  was  certain  ; 
but  by  far  the  greatest  part  of  it  consists  of  a  metallic 
lubstance,  which  some  supposed  to  be  bismuth,  others 
antimony.       Muller   of  Reichenstein  examined  it  in 
1782  +  ;  and  concluded,  from  his  experiments,  that  this 
ore,  which  had  been  distinguished  by  the  names  of  aum 
rnm  problematicumyaurufn  paradoxicum^^Vid  aurum  aU 
bufttf  contains  a  new  metal  different  from  Qvery  other. 
Being  still  dis::atibfied  with  his  own  conclusions,  he  sent 
a  Specimen  of  it  to  Bergman;  but  the  specimen  was  too 
small  to  enable  that  illustrious  chemist  to  decide  the 
point.       He  ascertained,  however,   that  the   metal  in 
question  is  not  antimony.     The  experiments  of  Muller 
appeared  so  satisfactory,  that  they  induced  Mr  Kirwan, 
in  the  second  edition  of  his  Mineralogy^  published  in 


^  Gmclin,  Ann.  de  Cbim.  xix.  367.  f  Boni,  ii.  468. 
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jjij^^'t  1796j  to  give  this  metal  a  separate  place,  uadcr  •« 
T  name  pf /^/DomV^.  Klapro^b  published  an  analjsnrf 
the  ore  in  1798,  and  completely  confirbxed  the  ooock* 
sions  of  Muller  *.  To  the  new  metal,  whidi  ooorti- 
tutes  0*^25  of  the  ore,  he  gave  the  name  of  /«&rn»; 
and  this  name  has  been  generally  adopted.  Gmelnci> 
amined  the  ore  in  1709  f  ;  and  his  experiments  osii- 
cide  almost  exactly  with  those  of  MuUer  and  KlapnA* 
By  these  philosophers  the  following  properties  of  id* 
lurium  have  been  ascertained. 

rrtj^Hift^  2^  j^^  colour  is  bluish  white,  intermediate  btlima 
.  that  of  sine  and  lead  ;.  m  texture  is  laminated  like  m* 
timony,  and  its  brilliancy  is  considerable. 

2.  Its  hardness  has  not  been  ascertained,  ita^acib 
gravity,  according  to  Klaproth,  is  6*115  t» 

3.  It  is  very  brittle,  and  may  be  easily  redoaei  Is 
powder* 

4.  It  melts  when  raised  to  a  temperatore  aDflBewkit 
higher  than  the  fusing  point  of  lead.  If  the  heat  be  ia- 
creaseda  little,  it  boils  and  evaporates,  and  attaches  it* 
self  in  brilliant  drops  to  the  upper  part  of  the  retort  ia 
which  the  experiment  is  made.  It  is  therefore,  nextta 
mercury  and  arstnic,  the  most  volatile  of  all  the  metalu 
When  cooled  slowly,  it  crystallizes. 

Ostdet.  II.   When  exposed  to  the  action  of  the  blow-pipeop- 

on  chai coaly  it  takes  fire,  and  burns  with  a  lively  blue 
flame,  the  edges  of  which  are  green  ^  and  is  completely 
volatilized  in  the  form  of  a  white  smoke,  which,  ac^ 


♦  CrcWiAn^Jj.  1798,  i.  91 .  f  Ibitl  1799,  i  1 75.  and  365. 

t  Muller  found  it  6-343 :  l>ut  probably  his  yccimai  wsa  ast  puit. 


AKSENTC^ 


3'2!f 


lording  to  Klaproth,  has  a  smell  -not  unlike  that  of  ra-    Chap.lV.^ 
[ishes{. 

This  white  smoke  is  the  oxide  of  tellurium^  which 
naj  be  obtained  also  by  dissolving  the  metal  in  nitro- 
nuriatic  ?.cidy  and  diluting  the  solution  wit]i  a  great 
quantity  of  water.  A  white  powder  falls  to  the  bot- 
oiDy  which  is  the  oxide.  It  may  be  procured  also  bj 
lissolving  the  metal  in  nitric  acid^  and  adding  potash 
slowly  till  the  oxide  precipitates.  This  oxide  is  easily 
melted  hj  heat  into  a  straw-coloured  mass  of  a  radiated 
texture.  When  made  into  a  paste  with  oil,  and  heated 
in  charcoal,  it  is  reduced  to  the  metallic  state  so  rapidly, 
Lhat  a  kind  of  explosion  is  produced. 

III.  Tellurium  may  be  combined  with  sulphur  by    Sulphurct. 
fusion.     This  sulphuret  has  a  leaden  grey  colour,  and 
a  radiated  rcxture:  on  red  hot  coals  it  burns  with  a  blue 
dame. 

Tellurium  may  be  amalgamated  with  mercury  by 
trituration.  Its  other  properties  have  not  yet  been  ex« 
imined. 


SECT.  XIX. 


OF    ARSENIC. 


I^  1  HE  word  arsenic  (^xpctttKoi)  occurs  first  in  the  works   History, 
of  Dioscorides,  and  of  some,  other  authors  who  wrote 


i  Gmclin  could  nut  perceive  this  smelL 


MO  BUTTLS  MXTAX.8. 

«boat  the  begbniog  of  the  Christum  era.  It  demies 
10  their  works  the  sftme  substance  which  Arittode  U 
called  rmvfmfmx^*,  and  his  disciple  Theophrastus  Hft^ 
which  is  a  reddish  coloured  mineral,  composed  of  sxie- 
nic  and  sulphur,  used  by  the  ancients  in  painting,  sal 
as  a  mediaue* 

The  wbite  oxide  ofartemc^ot  what  is  known  in  cob- 

i 

snerce  bj  the  same  of  arsenic,  is  mentioned  bj  Anoeiw 
na  in  the  llth  century  \  but  at  what  period  theaDfUtf 
called  arsenic  was  first  eztracte|)  from  that  oxide  is  n* 
known*  Paracelsus  seems  to  have  known  it ;  and  % 
process  for  obtaining  it  is  described  bj  Schroeder  in  fail 
Pharmacopoeia,  published  in  1649  f  •  But  it  was  onlj 
in  the  year  1733  that  this  metal  was  examined  with 
chemical  precision.  This  examination,  whichwas  per* 
fprmeid  by  Mr  Brandt,  demonstrated  its  peculiar  nature; 
and  since  that  time  it  has  been  always  considered  ai.i 
distinct  metajy  to  which  the  term  or/^mV  has  been  ap- 
propriated. Its  properties  were  still  farther  invcstig^ 
ted  by  Macquer  in  n^ 6  J,  by  Monnet  in  1773  J,  and 
by  Bergman  in  1777  ||«  To  the  labours  of  these  phib* 
sophersy  and  to  those  of  Mr  Schetle^,  we  are  indebted 
for  almost  every  thing  known   about  the  properties  of 

this  metal. 
Fmpfrtifi.         1*  Arsenic  has  a  bluish  white  colour  no^  unlike  that 

of  steel,  and  a  good  deal  of  brilliancy.     It  has  no  sea* 

sible  smell  vihile  cold;  but  when  heated  it  emits  a  stroog 

odour  of  garlic,  which  is  very  characteristic. 


*  Pliny  lecms  to  imr-ke  a  diitinction  between   sixidancha  and  vmuq. 
See  lib.  xxxiv.  cap.  i8.  f  Bergman,  ii.  S7t,     « 

\  Mem.  P.ir.  17^6,  p.  21 3,  and  1748,  p.  jj.     J  Sttr  t'Arsauc. 
g  OfMft^  li.  27a.  1  S<;hcplei  i.  xap. 
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t.  Its  hardness  scarcelj  exceeds  5.     Its  specific  gra-    Chip,  iv. 
vity  is  8-31  *. 

3.  It  is  perhaps  the  most  briille  of  all  the  rnelals, 
falling  to  pieces  undiT  a  very  moderate  blow  of  a  ham- 
mer, and  admitting  of  being  easily  redueed  to  a  very 
fiae  powder  in  a  mortar. 

4.  Its  fusing  point  is  not  known,  because  it  is  the 
most  vclaiile  of  the  metals,  subliming  wiiliotit  meltiag, 
wlicti  exposed  in  close  vessels,  to  a  heal  of  SStl't. 
When  sublimed  slowly,  it  crystallizes  in  ictTatiedrons, 
which  Hauy  has  denwnstrated  to  be  the  form  of  its  ia- 
tegrant  particles, 

II.    It  may  be  kept  under  water  without  alteration  ;    Oiidn. 
but  when  exposed  to  the  open  air,  it  soon  loses  its  lus- 
tre, becomes  black,  and  falls  into  powder. 

Arsenic  is  capable  of  combining  with  two  doses  of 
oxygen,  and  of  forming  two  compounds,  which  might 
be  termed  the  protoxide  And  fieroxide  of  arsenic,  were  it 
iiot  that  they  possess  several  of  the  properties  of  acids. 

1.  When  exposed  to  a  moderate  heat  in  contact  with    Ptotaxiit. 
air,  it  sublimes  in  the  form  of  a  ivhite  powder,  and  at 
the  same  time  emits  a  smell  resembling  garlic.     If  the 
llcat  be  increased,  Jt  burns  with   a   pale  blue   i\*i 
Arsenic  indeed  is  one  of  the. most  combustible  of  the 
metals.     The  substance  which  sublimes  was  formerly 
dUed  arttaic  or  vhitt  arsaiic,  and  is  still   known  by 
tlUM  names  in  the  commercial   world.     It  is  a  combl- 
nsiioD  of  arsenic  and  oxygen  ;  and  is  now  dei 
cnitff  oxide  of  arstnic,  and  by  Foitrcroy  a 

It  possesses  several  of  the  properties  of  an  Kid. 


*  Berfoutii  it.  1 79.    Accwd^^  (^  JMf°f''i  I'Ji^t. 
4  •(ipn«i,  ii.  SJ9. 


HM  iUB&i  mrAXJ* 


■«;w 


It  is  addom  portparedbj  Ammhtat,  liiiiirt  it 

tiye,  and  is  often  procured  abundantly  duripg'  iha  m 

tfactMMi  of  the  other  metals  fima  Ikeir  onoft*: 

When  obtained  bgr  these  pcoceiacsy  tft:^  jif  -«  wUlii 
batde»  compact  tubitanoe,.oi  a:  glassj  ■fpafanoB.  h, 
has  a  sharp  acrid  uste,  which  at  last  loarcs  asi  iaBfisai 
aidn  of  sweetness  and  is  ooe.of  the  most  wvknt  |» 
saaa.kA9iini.  It  has  sa  aUiaceoussmeU,.  .  -It  is  sdakk 
b^  80  parts  of  water  at  the  tempeimtiire  oCoo.%  wuk  m 
]ii.parts  o£ boiling  wiatsr *,  This solntioa tkMwnmeni 
lastly  and  reddens  vegetable-  blnea.  When  is  isskadf 
evaporated,  the  oxide  crystallizes  in  regniaviflkdmi 
dnnik  ■  It  is  soloUe  ala»  in  tetween  id  niub  SQ  tiiiei 
its  wJiigbt  of  .akoholp  and  is  otls.  This  ai^Lda  saidiaMri 
when  heated  to  383°  :  if  heat  be  applied  iB.cloaftw»> 
seb^  it  becomes  pellucid;  Ubs  glass ;  but  wHeainsfOlBd 
to.'thftair,  it  soon  reoeveos  its.  former  sppeaiteic^  ^tt|» 
specific  gravity-  of  thiaglassiitt^rooa)  thatoE  tli»^saii 
xde  in  its  usual  state^  S'tOdf  t  This  oxide  imemfMt 
of  combining  with  most  of  the  metalsp  and  in  gencfsl 
renders  them  brittle.  -From  the  experiments  of  Prooj^ 
it  appears  that  it  is  composed  of 

75*2  arsenic 

24'&  oxygen 


•«■ 


lOO'Ot 

When  the  white  oxide  of  arsenic  is  mixed  witb'blsck 

flux,  snd  slowly  heated  to  redness  in  a  matrass  or  mioi^ 

the  arsenic  is  reduced  into  the  metallic  state,  and  alow* 

ly  sublimes.    By  this  n^eans  the  nsetsl  may  be  procured 


;  Bcrgmin,  ii.  2ju  jXtu^  it  s86.  J  /w.  A  PSjt. 


ta  t  state  of  purity.     This  method  of  reducing  arsenic    Chap.  I' 
was  first  potiiied  out  by  Brandt,  to  whom  we  are  in- 
debted  for  most  of  the  properties  of  the  white  oxide 
above  described. 

2-    Arsenic  is  capable  of  combining  with  an  addb>   r"oiidi 
tional  dose  of  o&ygen,  and  of  turming  another  bom- 
pound,  first  discovered  by  Scheelc,  kriDw-n  by  l)ie  naine 
o£  aritnu  aeid.     The   procdss  prescribed  by  Scbeele, 
is  to  dissolve  iliTee  parts  of  white  oxide  of  aTseoic  in  s&-  * 

ven  parts  of  muriatic  acid,  lo  add  five  pans  of  nitric 
acid,  to  |iut  the  mixture  into  a  retort,  and  diuii  to  dty- 
nsss.  Tht^  dry  mass  is  lo  be  metvly  brougiii  to  a.  rciE 
heal,  luid  Uien  cooled  again.  It  is  solid  ncscnic  acid. 
Ibir  lliwliplz,  has  lately  shown,  tliat  tJie  whole  quantity 
of  muiiatrc  acid  prescribed  by  ±>chc«Ie  is  not  necessary. 
TiXic  lormula  which  he  considers  asiihe  beat  is  llie  fol- 
lowiiiji :  Mi;t  together  in  a  crucible  z  parts  of  inuri- 
alic  acid  of  the  specific  gravity  I'SOO,  a  pam  o£ 
.w-hite  oxide  of  arsenic,  and  24  parts  of  niuic  acid,,  of 
(he  specific  gravity  ]'2&.  £vapocate  lo  dryness  anil 
expose  tiu;  dry  mass  to  a  slight  red  heai*. 

The  acid  thus  prepared  has  no  very  stronglasle  when 
dry  ;  bm  when'  oissotved  in  water,  it  acquires  an  ex- 
cessively sour  taite,  and  remains  liquid  cvea  when  eva- 
porated to  the  consistence  of  a  jelly.  It  is  as  noxious 
as  the  white  oxide  of  arsenic.  Frota  the  experiments 
of  Proust,  it  follows,  thai  it  is  conaposed  of  fiS-*  parts 
of  arsenic,  and  a4'0  parts  of  oxygen  ;  and  with  these 
proportions  the  determination  of  Biicholz  very  nearly 
corresponds.  But  Thenard  makes  the  oxygen  lo  a. 
mount  lo  30  parts  in  the  hundred  of  oxide  \. 


9  Van  Mod 'a  y^r 
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Boc^l.  jji^  Arsenic  combines  readily  with  all  the  sbsBie 

^^   ^      *   combustibles,  except  carbon,  with  which  it  hms  Bot  kii 
therto  been  united  bj  chemists. 

1.  That  hydrogen  gas  has  the  propertj  of  dissolTiB{ 
Mmtmitil^  arsenic,  and  retaining  it  in  the  gaseous  form,  wms  disos- 
vered  by  Scheele  during  his  experiments  oo  arsanc 
acid*.  It  was  afterwards  noticed  by  Proast,  doriig 
his  experiments  on  tin.  Trommsdorf  has  lately  cxi- 
mined  it  in  detail,  and  published  an  accoaat  of  its  pro- 
perties f. 

The  easiest  method  of  procuring  it,  according  to  die 
last  mentioned  chemist,  is  to  mix  together  four  parts  of 
granulated  zinc  and  one  part  of  arsenic,  and  to  trot 
them  with  sulphuric  acid  diluted  with  twice  its  weigh 
of  water.  Hydrogen  gas  is  disengaged  in  abondance, 
which,  coming  in  a  nascent  state  in  contact  with  the  ar« 
senic,  dissolves  it,  and  forms  the  gas  wanted.  Stromej- 
er,  who  examined  this  gas  more  recently,  recommends 
an  alloy  composed  of  15  parts  of  tin  and  one  of  arsenic. 
When  this  alloy  is  digested  in  muriatic  acid,  the  hjdro- 
gen  evolved  carries  off  the  whole  of  the  arsenic,  and 
leaves  the  tin  pure  J. 

Arsenical  hydrogen  gas,  thus  formed,  is  colourless, 
has  a  nauseous  smell,  is  not  sensibly  absorbed  by  wa- 
ter ;  extinguishes  (lame,  and  destroys  animal  life.  Its 
specific  gravity  (barometer  about  30  inches)  is  0*5293, 
that  of  air  being  one :  hence  100  cubic  inches  of  it 
weigh  16-4  grains. 


«  ?chcolc*s  Of-ut:.  i.  i8a.  French  transbtion. 
N:choI$ou*i  Jo-ur.  71.  200,  \  Ibid  xix.  38^. 


ARSEKIC.  $9X 

It  burns  with  a  blue  flame ;  and  if  the  neck  of  the  Chap.iv. 
vessel  containing  it  be  narrow^  the  arsenic  is  deposited. 
When  two  parts  of  this  gas,  mixed  with  three  of  oxy- 
gen, are  brought  in  contact  with  a  lighted  taper,  an  ex- 
plosion takes  place,  and  water  and  white  oxide  of  arse- 
nic are  formed.  Ecjual  parts  of  these  gases  do  not  ex- 
plode  so  loudly,  but  give  a  more  vivid  flame.  Two 
parts  of  this  gas  and  one  of  oxygen  leave  a  small  resi- 
due. According  to  Stromeyer  it  requires  for  com-  ^ 
bustion  0*72  parts  of  its  bulk  of  oxygen  gas. 

Arsenical  hydrogen  gas  is  not  altered  by  common  air, 
azotic  gas,  nor  hydrogen.  Nitrous  gas  occasions  a  di- 
minution of  about  two  per  cent.  Sulphureted  hydrogen 
gas  occasions  no  change  in  it  j  but  if  oxymurlatic  acid 
be  added  to  the  mixture  of  these  two  gases,  the  bulk  di-  • 
minishes,  and  yellow- coloured  flakes  are  deposited. 
Hence  these  two  gases  furnish  us  with  a  delicate  test 
for  detecting  the  presence  of  arsenical  hydrogen. 

Concentrated  nitric  acid,  when  suddenly  mixed  witli 
this  gas,  causes  an  evolution  of  red  fumes,  and  an  ex- 
plosion accompanied  with  flame.  When  the  acid  is  di- 
luted, it  oxidizes  and  removes  the  arsenic,  leaving  the 
hydrogen  pure.  Trommsdorf,  to  whom  we  are  indebt- 
ed for  all  these  facts,  did  not  succeed  in  analysing  this 
gas,  though  it  appears  from  his  experiments,  that  it  is 
a  compound  of  arsenic  and  hydrogen*.  Stromeyer  in- 
forms us  that  he  succeeded  in  analysing  it  by  means  of 
nitric  acid,  ar.d  that  he  found  it  composed  of  106  parts 
arsenic  and  2*19  hydrogen  f.      Proportions  which  do 


*  Sec  NichoL>on*8  Journal^  vi.  2C0.  f  Ibid.  six.  383. 
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|.  Realgar. 


Book!,      not  well  accord  with  the  specific  gravity  of  the  gas,9 

\m     y    ■  >   Stated  by  Trommsdorf. 

Sulpbnrcti.  2.  Sulphur  combines  readily  with  arsenic.  If  vc 
put  a  mixture  of  these  two  bodies  into  a  covered  cruci- 
ble and  melt  them,  a  red  vitreous  mass  is  obtaindi 
which  is  obviously  a  sulphuret  of  arsenic.  It  may  be 
formed  also  by  heating  together  the  white  oxide  of  ar»- 
nicy  or  arsenic  acid  and  sulphur ;  but  in  that  case  a  por- 
tion of  the  sulphur  absorbs  the  oxygen  from  the  arse- 
niCy  and  makes  its  escape  in  the  form  of  sulphurous 
acid  gas  *.  This  sulphuret  of  arsenic  is  found  native 
in  different  parts  of  Europe.  It  is  usually  called  realgar* 
It  has  a  scarlet  colour,  and  is  often  crystallised  in  tnui- 
sparent  prisms.  Its  specific  gravity  is  3'225  t-  It  if 
tasteless,  and  not  nearly  so  hurtful  as  the  oxides  of  arse- 
nic, though  Macquer  affirms  that  it  is  poisonous  {•  It 
is  sometimes  used  as  a  paint.  According  to  the  experi- 
ments of  Westrumby  this  sulphuret  is  composed  of  80 
parts  of  arsenic  and  20  of  sulphur  §.  According  to 
Thenard,  it  consists  of  60  parts  of  arsenic  and  30  of 
sulphur  11 . 

3.  If  the  white  oxide  of  arsenic  be  dissolved  in  ma- 
riatic  acid,  and  a  solution  of  sulphureied  hydrogen  in 
water  be  poured  into  the  liquid,  a  fine  yellow- coloured 
powder  falls  to  the  bottom.  This  powder  is  usuallj 
called  orpiment.  It  may  be  formed  by  subliming  arse- 
nic and  sulphur  by  a  heat  not  sufficient  to  melt  them. 
This  substance  is  found  native.     It  is  composed  of  thin 


a.  Orpi- 
picnu 


*  Proust,  Jour.  J:  PL^*  hi:,  94.  f  Bergman,  ii.  298. 

\  Hoffman  informs  u*^,  that  lie  gave  two  scruples  oi  it  to  a  t'og  with- 
out any  bad  effects  whatever.     Obtero,  PLysko-Cbemico^ Select,  p.  236. 
§  CrtU's  Annals i  I/Sj,  i.  299.  |J  Arn.  tie  Chim,  liz.  ajOt 
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plates,  \i'hich  have  a  considerable  degree  of  flexibilitj.-    Chap.  IV. 
Its  specific  gravity  is  3'315.      It  has   been  supposed  ' . 

hy  some  chemists^  that  orpiment  differs  from  realgar 
merely  in  containing  a  smaller  proportion  of  sulphur ; 
hy  others,  that  the  arsenic  exists  in  it  in  the  state  of  an 
oxide  ;  by  others,  that  it  contains  sulphureted  hydrogen* 
But  Mr  Proust  has  ascertained,  that  ^hen  heated  suf- 
ficiently it  mehs  without  emitting  any  gas,  and  on 
cooling  assumes  the  appearance  of  realgar  *.  Hence 
lie  concludes,  that  like  realgar  it  is  merely  a  sulphuret 
of  arsenic.  This  opinion  has  been  confirmed  by  the  ex- 
periments of  Thenard,  who  found  orpiment  a  compound 
of  three  parts  of  sulphur  and  four  of  arsenic  f . 

4.  Arsenic  combines  readily  with  phosphorus.  The  Phoip&ai 
phosphuret  of  arsenic  may  be  formed  by  distilling  equal  ^*^ 
parts  of  its  ingredients  over  a  moderate  fire.  It  is  black 
and  brilliant,  and  ought  to  be  preserved  in  water.  It 
jnay  be  formed  likewise  by  putting  equal  parts  of  phos- 
phorus and  arsenic  into  a  suificient  quantity  of  water, 
and  keeping  the  mixture  moderately  hot  for  some 
time  t* 

IV.  Arsenic  does  not  combine  with  azotic  gas  nor 
muriatic  acid;  neither  is  it  readily  oxidized  by  the  ac- 
tion of  that  acid. 

V.  Arsenic  unites  with  most  metals,  and  in  general  AlloTiwhi 
renders  them  more  brittle  and  more  fusible. 

1.  There  appears  to  be  a  strong  alEnity  bee  ween  gold   Gold, 
and  arsenic  ;  but  in  consequence  of  the  great  volatility 
of  the  latter  metal,  it  is  difficult  to  unite  them  by  fusion. 


•  /iwr.  de  Wi;.  lii:.  94.  \  Axk.  it  Ci  >.  lial-  !'/«• 

X  P=!!ct:cr,  ji  T.  :t  (.1  >r.  riii.  IJ9. 
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Bergman  succeeded  in  making  gold  take  up  ^th  of  iH 
weight  of  arsenic  *.  Mr  Hatchett  added  453  grains  of 
arsenic  to  5307  grains  of  melted  gold,  and,  stirring  the 
whole  rapidly  with  an  iron  rod,  poured  the  mixture  in- 
to an  iron  mould.  Only  six  grains  of  the  arsenic  wa 
retained ;  so  that  the  alloy  contained  only  ttt^  ^ 
arsenic.  It  had  the  colour  of  fine  gold  ;  and  thoagk 
brittle,  yet  it  bent  in  some  measure  before  it  broke. 
When  once  united  to  gold,  arsenic  is  not  easily  expelled 
by  heat.  Mr  Hatchett  discovered  that  gold  readily  im- 
bibes, and  combines  with,  arsenic,  when  heated  to  red- 
ness. A  plate  of  gold  was  exposed  red  hot  to  the  fuma 
of  arsenic  by  suspending  it  near  the  top  of  a  dome, 
made  by  luting  one  crucible  inverted  over  another.  In 
ilie  lower  crucible  some  arsenic  was  put,  and  the  whole 
exposed  to  a  common  fire  for  about  15  minutes.'  The 
arsenic  had  acted  on  the  gold,  and  combined  with  itssnr- 
face.  The  alloy  being  very  fusible  had  dropt  off  u  it 
formed,  leaving  the  gold  thinner,  but  quite  smooth. 
The  alloy  of  gold  and  arsenic  formed  a  button  in  the 
undermost  ci  iicible.  Tins  button  had  a  grey  colour, 
and  was  extremely  brittle  f. 

2.  The  alloy  of  arsenic  and  platinum  was  first  exa- 
mined by  Schellcr,  and  afterwards  by  Dr  Lewis.  The 
addition  of  wljite  oxide  of  arsenic  causes  strongly  heat- 
ed platinum  to  melt  ;  but  the  mixture  does  not  (low  thin, 
and  can^iot  be  poured  out  of  the  crucible.  The  alloj 
is  brittle  and  of  a  grey  colour.  The  arsenic  is  mostlj 
expelled  in  a  strong  heat,  leaving  the  platinum  in  the 
state  of  a  spongy  mass  J. 


f  P';:i,  Com.  p.  5 T  C 


I  On  the  Alh^i  o/GwlJ,  p.  7. 
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3 .  Melted  silver  takes  up  -,i^th  of  arsenic  *.  The  alloy   Chip>nr,^ 
is  brittle,  yellow-coloured,  and  useless.  Silver,    * 

4«  Mercury  may  be  amalgamated  with  arsenic  by  Mcrcu^, 
keeping  them  for  some  hours  over  the  fire,  constantly 
agitating  the  mixture.    The  amalgam  is  grey-coloured^ 
and  composed  of  five  parts  of  mercury  and  one  of  ar« 
leuicf. 

5.  Copper  may  be  combined  with*  arsenic  by  fusing  Copper^ 
them  together  in  a  close  crucible,  while  their  surface 

is  covered  with  common  salt  to  prevent  the  action  of 
the  air,  which  would  oxidize  the  arsenic.  This  alloy 
is  white  and  brittle,  and  is  used  for  a  variety  of  pur* 
poses  ;  but  it  is  usual  to  add  to  it  a  little  tin  or  bismuth. 
It  is  known  by  the  names  of  white  copper  and  white 
tombac.  When  the  quantity  of  arsenic  is  small,  the  al- 
loy is  both  ductile  and  malleable  %. 

6.  Iron  and  arsenic  may  be  alloyed  by  fusion.     The   TroD| 
alloy  is  white  and  brittle,  and  may  be  crystallized.     It 

is  found  native,  and  is  known  among  mineralogists  by 
the  name  of  mispickei.  Iron  is  capable  of  combining 
with  more  than  its  own  weight  of  arsenic  §. 

7.  Tin  and  arsenic  may  be  alloyed  by  fusion.     The  Tin, 
alloy  is  white,  harder,  and  more  sonorous  than  tin,  and 
brittle,  unless  the  proportion  of  arsenic  be  very  smalU 

An  alloy,  composed  of  13  parts  of  tin  and  one  of  arsenic, 
crystallizes  in  large  plates  like  bismuth  ;  it  is  more 
brittle  than  zinc,  and  more  infusible  than  tin.  The  ar- 
senic may  be  separated  by  long  exposure  of  the  alloy  to 
heat  in  the  open  air  ||. 


•  Bergman,  ii.  aSi.  f  IbiJ.  \  KtumMiCt  Chtm,  p.  Z44i 

{  Bergman,  ii.  281.  0  Bajeo. 
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Zbe, 


Antimony^ 


Bismuth. 


8.  Lead  and  arsenic  may  be  combined  by  fusion.  Tttt 
alloy  is  brittle,  dark-coloured,  and  compdsed  of  plita 
Lead  takes  up  -^th  of  its  weight  of  arsenic  *• 

9.  Nickel  combines  readily  with  arsenic,  and  inded 
is  seldom  found  without  being  more  or  less  contaoiiift- 
tcd  by  that  metal.  The  compound  has  a  shade  of  Tclf 
considerable  hardness,  and  a  specific  gravity  consider- 
ably under  the  mean.  It  is  not  magnetic.  Arsenic 
possesses  the  curious  property  of  destroying  the  mag- 
netic virtue  of  iron,  and  all  other  metals  susceptible  of 
that  virtue  4 

10.  Zinc  may  be  combined  with  arsenic  by  distilling 
a  mixture  of  it  and  of  white  oxide  of  arsenic  f .  Thb 
alloy,  according  to  Bergman,  is  composed  of  four  parti 
of  zinc  and  one  of  arsenic^ 

11.  Antimony  forms  with  arsenic  an  aUoy  whicbii 
very  brittle,  very  hard,  and  very  fusible  i  aad  compo- 
sed, according  to  Bergman,  of  seven  parts  of  antimoaf 
and  one  part  of  arsenic. 

12.  Bismuth  may  be  combined  with  about  -fth  of  its 
weight  of  iarsenic  t  j  but  the  properties  of  this  allof 
have  not  been  examined. 


•  Bergman 


t  Maiouin. 


f  Bergman,  iL  9$i. 
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J.  HE  metals  belonging  to  this  class  are  six  in  number. 
Thej  were  all  unknown  to  the  ancients,  and  were  not 
examined  till  chemical  analysis  had  acquired  a  consider* 
able  degree  of  perfection.  None  of  them  are  of  much 
value  in  the  metallic  state  ;  their  brittleness^and  difficult 
fusion  rendering  it  impossible  to  work  them  with  fa* 
cilitj :  But  some  of  them  are  of  considerable  import* 
ante  in  the  state  of  oxides* 


Vol.  T. 
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OF    COBALt. 


Hittorj.  I.  A  MINERAL  called  cobalt  *,  of  a  grey  colour,  aai 
very  heavy,  has  been  used  in  different  parts  of  Europe, 
since  the  l5th  century,  to  tinge  glass  of  a  blue  coloor. 
But  the  nature  of  this  mineral  was  altogether  unknsm 
till  it  was  examined  by  Brandt  in  1733.   This  celebs 


*  The  word  echah  leems  to  be  derived  from  coSaFut^  whidi  wb  \k 
nanie  of  a  spirit  that,  according  to  the  supencidoat  notioiis  of  the  tiBOi 
haunted  mines,  destroyed  the  labourt  of  the  minertt  and  ofcro  gsve  ikm 
a  great  deal  of  unnecessary  trouble.  The  miners  probably  gMVc  this  tamt 
to  the  mineral  out  of  joke,  becanse  it  thwarted  them  as  much  as  thenp* 
posed  spirit,  by  exciting  false  hopes,  and  rendering  their  labour  ofta 
fruitless ;  for  a^  it  was  not  known  at  first  to  what  use  the  mineral  coiM 
be  applied,  it  was  thrown  aside  as  useless.  It  wasouce  cvstooitfj  ii 
Germany  to  introduce  into  the  church-service  a  prayer  that  God  wooii 
preserve  miners  and  their  work>  from  ichalts  and  sfirtts.  Sec  Beckznac's 
Histcrv  of  Invfnticnsy  ii.  362. 

Mathe«iuj,  in  his  tenth  sermon,  where  he  speaks  of  caJmia  fcstili^  (pctH 
baMy  cobalt  ore),  says,  "  Ye  miners  call  it  c9bolt ;  the  Germans  call  the 
black  devil  aii'l  the  old  devil's  whores  and  hags,  old  and  black  ie^r/,  wkicb 
by  their  witchcraft  do  injury  to  people  and  to  their  cattle.'* 

Lehmann,  Paw,  Delaval,  and  several  other  philosophers,  have  suppo- 
sed that  tn:  iU  (oxide  of  cobalt  melted  with  glass  and  pounded)  was 
known  to  the  ancients,  and  us^-d  to  tinge  the  beautiful  blue  glass  still  n- 
siMc  in  some  of  their  works ;  but  we  learn  from  Gmcljn,  who  analysed 
some  of  tht  se  pieces  of  glass,  that  they  owe  their  Hut  colour,  not  to  the 
presence  of  ft/^j//,  hut  of  iron. 

According  to  Lchmann,  cobalt  ore  was  first  used  to  tinge  glass  bloc  bf 
Christopher  Schurcr,  a  glasamakcr  at  Flatten,  about  the  year  154a 
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ted  Swedish  chemist  obtained  from  it  a  new  metal,  to  ^^^'^*  '^^ 
mrhich  he  s^zvc  the  name  of  cobalt  **  Lehmann  publish- 
ed a  very  full  account  of  every  thing  relating  to  this 
metal  in  1761  f.  Bergman  confirmed  and  extended  the 
discovery  of  Brandt  in  different  dissertations  published 
in  the  year  1780  ]:.  Scarcely  any  farther  addition  was 
made  to  our  knowledge  of  this  metaj  till  1198,  when  a 
'paper  on  it  was  published  by  Mr  Tassaert  §•  In  the 
year  1800,  a  new  set  of  experiments  were  made  upon 
it  by  the  School  of  Mines  at  Paris^  in  order  to  procure 
it  perfectly  pure,  and  to  ascertain  its  properties  when 
in  that  state  ||.  In  1802,  anew  series  of  trials  was 
published  by  Thenard,  which  throw  considerable  light 
on  its  combinations  with  oxygen^.  And  in  1806,  Mr 
Proust  published  a  set  of  experiments  upon  the  same 
subject  **.  Considerable  attention  has  been  lately  paid 
to  the  purification  of  this  metal ;  but  hitherto  no  one 
seems  to  have  been  fortunate  enough  to  hit  upon  a  me- 
thod altogether  free  from  objections  ff* 

1.  Cobalt  is  of  a  grey  colour  with  a  shade  of  red,  and  P'<>pcrtie> 
by  no  means  brilliant*  Its  texture  varies  according  to 
the  heat  employed  in  fusing  it.  Sometimes  it  is  com- 
posed of  plates,  sometimes  of  grains,  and  someti'nes  of 
small  fibres  adhering  to  each  other  Xl»  It  has  scarcely 
any  taste  or  smell* 


»  ji£ta  Vpsjl,  1 7.; 5  .III  1  I  '4  • 

f  Ca^UUrtj^  oJ:  r  GesJ/'cbte  dit  Farben^Kobolds* 

\  Opuic.  ii.  444,  501.  an     ▼        i. 

{  Ann.df  Cli".  xzviii.  loi. 

I  Fourcrof,  Discoun  Fr-Hmimurc,  p.  x  14. 

^  Ann,  de  Ch.fji,  zli:.  210.  **  Ibtd.  ll*  a6a' 

ft-  Sl'C  Richter,  Gehlcii'i  Jour*  il  $i ;  Bucholx,  IbiJ,  iii*  201 ;  Phillpfi 
fbiL  VftfT.  \v\,  317, 
WL'EcoUdet  Minn, 
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Divition   I.  i      i         <?    t         i      r    m^*  r» 

\      y    „»    to  Bergman  and  the   bchool  of  Mines  at  rariSy  is  VI* 
•Mr  Hatchctt  found  a  specimen  TG45  *. 

3.  It  is  brittle,  and  easily  reduced  to  powder ;  but  it 
we  believe  Lconhardi,  it  is  somewhat  malleable  wbn 
red  hot.     Its  tenacity  is  unknown. 

4.  When  heatt^d  to  the  temperature  of  130*^  Wedge- 
wood,  it  melts  ;  but  no  heat  which  we  can  produce  is 
sulHcient  to  cause  it  to  evaporate.  When  cooled  slowlj 
in  a  crucible,  it'  the  vessel  be  inclined  the  moment  the 
surface  of  the  metal  congeals,  it  may  be  obtained  crj* 
stallizcd  in  irregular  prisms  f. 

5*  Like  iron,  it  is  attracted  by  the  magnet;  and,  from 
the  experiments  of  Wenzcl,  it  appears  that  it   may  be 
convened  into  a  magnet  precisely  similar  in  its  proper- 
ties to  the  common  magnetic  needle. 
Oxtdei.  II.  When  exposed  to  the  air  it  undergoes  no  chaise; 

neither  is  it  altered  when  kept  under  water.  Its  affini* 
ty  for  oxygen  is  not  sufllcienily  strong  to  occasion  adc- 
compositic:;  of  tl.ir  water. 

WlM-r.  ]:*■]):  *-'h1  hot  in  an  open  vessel,  it  gradually 
fmlr.bch  nx\  -^cii,  :iv.(\  is  converic.l  i.  'o  a  iiovdtr  ar  first 
bi. .,  but  v.'liich  j;i;«ci!ially  becv^mcb  deeper  and  deeper, 
till  at  h.'t  it  Icroii  :s  ^i..^  !•:,  or  rati>cr  of  so  dcf.p  a  blue 
tivit  it  L^;\:i.r.is  to  tljc  eve  black.  If  the  heat  be  verr 
vi(  it-it,  ihc  cobalt  takes  fire  and  burns  with  a  red 
flame. 

From  the  exnerihients  of  Thenard,  it  follot^s  that 
cobalt  is  eaptble  of  coTuhini'ig  with  three  doses  of  oxy- 
gen r,t  Ic'isl,  and  of  forming  three  distinct  oxides,  which 
may  be  exhited  in  a  sep irate  state. 


«  On  the  Aiicys  of  ColJ,  p.  6S.  f  Fourcroy,  v.  JS7' 
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1.  The  protoxide  of  cobalt  has  a  blue  colour.     It    Chap-  >y-^ 
nay  be  obtained  by  dissolving  cobalt  in  nitric  acid,  and   ProtoiHi(» 
precipitating  the  cobalt  from  the  solution  by  means  of 
potash.     The  precipitate  has  a  blue  colour,  but  when 

iried  in  the  open  air  it  gradually  becomes  black.  This 
)lack  powder  is  to  be  kept  for  half  an  hour  in  that  de- 
cree of  heat  known  to  manufacturers  of  iron  utensib  by 
:he  name  of  cherry  red.  This  heat  expels  the  oxygen 
nrhich  it  had  absorbed  in  drying,  and  converts  it  into  a 
Sne  blue  colour.  This  oxide  dissolves  in  acids  with- 
out effervescence.  The  solution  of  it  in  muriatic  acid, 
if  concentrated,  is  green  ;  but  if  diluted  with  water,  it 
is  red.  Its  solution  in  sulphuric  and  nitric  acids  is 
always  of  a  red  colour  *.  According  to  the  analysis  of 
Proust,  this  oxide  is  composed  of  83^  of  cobalt,  and 
lej-  of  oxygen  f- 

2.  When  the  protoxide  of  cobalt,  newly  precipitated   Deutoxide. 
from  acids  by  potash,  is  exposed  to  the  air,  it  gradually 
combines  with  an  additional  dose  of  cxygen,  as  The- 

nard  ascertained  by  experiment,  and  as»sumes  an  olive 
green  colour  ;  and  by  cautiously  drying  it  without  the 
aid  of  heat,  it  may  be  obtained  in  that  state.  This  is 
the  deutoxide  of  cobalt.  When  this  oxide  is  treated 
with  diluted  muriatic  acid,  a  moderate  heat  developes 
ozymuriatic  acid  gas,  and  a  re^  coloured  solution  is  ob- 
tained. Hence  we  see  that  the  deutoxide  of  cobalt  loses 
a  portion  of  its  oxygen  during  its  solution  in  muriatic 
acid  X' 

3.  When  the  protoxide  or  deutoxide  of  cobalt,  newly    Peroxide, 
precij-'i tared  from  an  acid,  is  dried  by  heating  it  in  the 


*  Ann.  it  Cifim,  xlii.  213*  f  lifiJ.  Ix.  267.  i  Ibid.  xlii.  11 2. 
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Bmfc  T«    open  ftir^  It  tMomes  t  flea-brown  cdhmry  whidi  gndii 

l^ly"  jr  allj  deepens  till  at  last  it  becomes  black.  This  is  At 
peroxide  of  cobalt.  It  dissolres  with  efferresccMieii 
innriatic  acid,  and  a  great  qnantitj  of  oxjinuriatie  adt 
gas  is  exhaled.  Mr  Thenard  considers  the  brows  c*^' 
lour  which  the  oxide  of  cobalt  first  assumes  befiiieil 
becomes  black  as  a  tritoxiie  ;  bnt  his  experiments  as 
not  sufficient  to  decide  that  point. 

According  .to  the  experiments  of  Proost,  the  peioiMl 
is  composed  of  80  parts  cobalt  and  20  parts  oxjgoi* 
But  it  is  not  unlikelj,  from  the  method  emplojed  If 
this  ingenious  chemist,  that  the  proportion  of  oxjpa 
which  he  obtained  was  too  small. 

With  respect  to  the  reddish  precipitate  whidi  h 
sometimes  obtained  bj  precipitating  cobalt  from  acid% 
tnd  which  has  been  considered  as  a  peculiar  o>xide  af 
cobalt^  Mr  Thenard  suspects,  that  it  is  a  combtnatiaB 
of  the  oxide  of  cobalt  with  arsenic  acid  f . 

Proust  however  has  shown  that  the  blue  oxide  to 
the  property  of  combining  with  water,  and   fornnag 
'      what  he  calls  a  hyifati  of  cobalt,  and  this  hydrate  to 
a  rid  colour. 

Vdoowtdi       lU.  1.  Cobalt  does  not  combine  with  carbon  nor  bj« 

mabiMti-      drogen. 

^  ,  .  2.  It  cannot  be  combined  with  sulphur  by  fhsieo* 

§uJpharet.  ^  "^ 

Bu^  sulphuret  of  cobalt  may  be  formed  by  melting  the 
in«tal  along  with  sulphur  previously  combined  witk 
potash.  It  has  a  yellowish  white  colour,  displays  the 
rudiments  of  crystafs,  and  c?n  scarcely  be  decomposed 
})y'  heat. 


«  Jbm.if  Cbim.  U.S67.  \Jtuh^  CMff.«Ui.aS4. 
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The  sulphuret  of  cobalt,  according  to  Proust,  may  be    Cfaip.  IV. 
formed  by  heating  together  the  oxide  of  cobali  and  suU  ' 

phur.  It  is  composed,  according  to  his  experiments, 
of  7 It  parts  of  cobalt,  and  284-  of  sulphur*  ;  but  he 
doQs  not  place  much  confidence  in  the  accuracy  of  this 
result* 

3.  Phosphuret  of  cobalt  may  be  formed  by  heating  Phoi|>hu» 
the  metal  red  hot,  and  then  gradually  dropping  in  small 
bits  of  phosphorus.  It  contains  about  Vrth  of  phospho- 
rus. It  is  white  and  brittle  ;  and  when  exposed  to  the 
air,  soon  loses  its  metallic  lustre.  The  phosphorus  is 
separated  by  heat,  and  the  cobalt  is  at  the  same  time 
oxidated.  This  phosphuret  is  much  more  fusible  than 
pure  cobalt  f. 

IV.  Cobalt  does  not  combine  with  azotic  gas  nor 
muriatic  acid  gas. 

V.  Cobalt   seems  capable  of  combining  with  most  AUo7iwitk 
of  the   metals,   but  its  alloys  are  very   imperfectly 
kLnown. 

1«  Mr  Hatchett  melted  together  11  parts  of  gold  OM, 
and  one  part  of  cobalt.  The  alloy  was  of  a  dull  ycl- 
low  colour,  very  brittle,  and  the  fracture  exhibiied  an 
earthy  grain.  Its  specific  gravity  was  1T112.  The 
bulk  of  the  metals  before  fusion  being  10 00,  after  fu« 
sion,  became  1001.  Hence  they  experienced  a  very 
small  degree  of  expansion.  The  brittlentss  of  gold  al« 
loyed  with  cobalt  continues  when  the  cobalt  dots  not 
exceed  ^th  of  the  whole  ^  but  when  it  is  reduced  be- 


«  JnM,  de  Cbim.  Iz.  271.  t  Pcttctier,  Ih'vi,  xiii.  134* 
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JMc**,    iMrtlMitpfopofftioiiyiAe  ggU  becomes  Mncvi^  tm: 
'  SJ  Tht.Maj  of  cobalt  widiilatiBim  hw  not  bccB»| 

(D^,         .    9.  When  two  parts  of  cobalt  and  one  of  aihwr 
melted  together,  the  two  metab  are  obtained 
alter  the  process ;  the  silver  at  the  bottom  ^  Ac 
dble^andthe  cobalt  above  it*     Each  of  lhen,hoa^^ 
e«rer^  has  absorbed  a  small  portion  of  the  other  iiMl4 
fbr  the  silver  is  brittle  and  dark  coloured^  while  4i 
cobalt  is  whiter  than  usual  f, 
'  4*  Cobalt  does  not  combine  with  mercurj  }. 
5.  The  alloj  of  copper  and  cobalt  is  acnrcel  j  knontf 

1^  6.  The  alloy  of  iron  and  cobalt  is  verj  hard,  and  aM 

canly  broken.    Cobalt  generalljr  contains  some  in% 
£rom  which  it  is  with  great  diflicultj  separated,         -^ 

^  t.  The  alloj  of  tin  and  cobalt  is  of  a  light  viokl 

colour,  and  formed  of  small  grains.  • 

t^eiji  8.  It  was  supposed  formerly  that  cobalt  does  atf 

combine  with  lead  by  fusion ;  for  upon  melting  eqasi 
parts  of  lead  and  cobalt  together,  both  metals  are  found 
separate,  the  lead  at  the  bottom  and  the  cobalt  above. 
Indeed  when  this  cobalt  is  melted  with  iron,  it  appean 
that  it  bad  combined  with   a  little  lead ;  for  the  iron 
combines  with  the  cobalt,  and  the  lead  is  separated  ||. 
But  Gmelin  has  shown  that  the  alloy  may  be  formed. 
He  put  cobalt  in  powder  within  plates  of  lead,  and  co- 
vered them  with  charcoal  to  exclude  the  air.     He  tfaeo 
applied  heat  to  the  crucibles  containing  the  mixtures. 


♦  Hatchctt  on  the  Alloys  0/C9IJ,  p.  19. 

t  GcUcrt,  p.  137.  J  Cro«*tedt,  J  Gellert,p.  137. 
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A  £qual  parts  of  lead  and  cobalt  produced  an  alloy,  in    Chap.  |v. 
vrhich  the  metals  appeared  pretty  uniformlj  distribu-  - 

i  tcdy  though  in  some  cases  the  lead  predominated.  It 
vras  brittle,  received  a  better  polish  than  lead,  which 

r  ^etal  it  resembled  rather  than  cobalt ;  its  specific  gra- 
vity was  6*12.  Two  parts  of  lead  &nd  one  of  cobalt 
produced  an  uniform  mixture,  more  like  cobalt  than 
lead,  very  little  malleable,  and  softer  than  the  last.  Its 
specific  gravity  was  8*28.  Four  parts  of  lead  and  one 
of  cobalt  formed  an  alloy  still  brittle,  and  having  the 
fracture  of  cobalt,  but  the  polish  of  lead.  It  was  harder 
than  lead.  Six  parts  of  lead  and  one  of  cobalt  formed 
an  alloy  more  malleable,  and  harder  than  lead.  Its  spe- 
cific gravity  was  9 '65.  Eight  parts  of  lead  and  one  of 
cobalt  was  still  border  than  lead,  and  it  received  a  bet- 
ter polish.  It  was  as  malleable  as  lead.  Its  specific 
gravity  was  9*18  *. 

9.  Cobalt  is  often  found  naturally  combined  with  NIckcL 
nickel. 

10.  It  does  not  seem  capable  of  combining  with  bis- 
muth nor  with  zinc  by  fusion. 


SECT.  XXI. 


OF   MANGANESE. 


I.  The  dark  grey  or  brown  mineral  called  manganese,  „|^ 
in  Latin  magnesia  (according  to   Boyle  from  its  resem- 


*  Ann.  de  Clim,  xiz.  357. 


946  BRITTLE  METALS. 

DivU-oD  L  Mancc  to  the  magnet)^  has  been  long  known  and  used 
in  the  manutV.ctiire  of  glass.  A  mine  oi  it  was  disco- 
vered in  England  bj  Bojle.  A  £pw  experiments  were 
made  upon  rhis  mineral  by  Glauber  in  1656  *,  and  bj 
Waiz  in  1705  f  ;  but  chemists  in  general  seem  to  haTe 
paid  but  very  little  jittention  to  it.  The  greater  nam- 
be;*  of  mineralogists^  though  much  puzzled  what  to 
make  of  it,  agreed  in  placing  it  among  iron  ores :  but 
Potty  who  published  the  first  chemical  examination  of 
this  mineral  in  1740,  having  ascertained  that  it  ofioi 
contains  scarcely  any  iron^  Cronitedt,  in  his  System  ^ 
Mineralogy^  which  appeared  in  17589  assigned  it  a  place 
of  its  owtiy  on  the  supposition  that  it  consisted  chieflj 
of  a  peculiar  earth.  Rinman  examined  itanew  in  1*65^; 
and  in  t)>e  year  1770  Kaim  published  at  Vienna  a  set 
of  experiLucniSy  in  order  to  prove  that  a  peculiar  metal 
migiit  be  extracted  from  it  {.  The  same  idea  had  struck 
Bergman  about  the  same  time,  and  induced  him  to  re- 
quest of  Scheele,  in  1771,  to  undertake  an  examinatioo 
of  manganese.  Schecle's  dissertation  on  it,  which  ap- 
peared in  1774,  is  a  master  piece  of  analysis,  and  con- 
tains some  of  the  most  important  discoveries  of  modem 
chemistry.  Bergman  himself  published  a  dissertation 
on  it  the  same  year ;  in  which  he  demonstrates,  that 
the  mineral,  then  called  maffganesej  is  a  metallic  oxide  ||. 
He  accordingly  made  several  attempts  to  reduce  it,  but 
without  success  ;  the  whole  mass  either  assuming  the 
form  of  scoriae,  or  yielding  only  small  separate  globules 


*  Pr<*s^ritjs  Germitn'tjt.  \  Wc:gli.b's  Gestl/chiCy  L  1 27. 

\  Metn.  Stockholm^  1 765,  p.  1^$,  §  Dc  AlctJIh  dul/iis,  p.  4S. 
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attracted  by  the  magnet.  This  difficulty  of  fusion  led  Chap.  1V»^ 
him  to  suspect,  that  the  metal  he  was  in  quest  of  bore 
a  strong  analogy  to  platinum.  •  In  the  mean  time,  Dr 
Gahn,  who  was  making  experiments  on  the  same  mi- 
^eraly  actually  succeeded  in  reducing  it  by  the  follow* 
ing  process  :  He  lined  a  crucible  with  charcoal  powder 
moistened  with  water,  put  into  it  some  of  the  mineral 
formed  into  a  ball  by  means  of  oil,  then  filled  up  the 
crucible  with  charcoal  powder,  luted  another  crucible 
over  it,  and  exposed  the  whole  for  about  an  hour  to  a  . 
Tery  intense  heat.  At  the  bottom  of  the  crucible  was 
found  a  metallic  button,  or  rather  a  number  of  small 
metallic  globules,  equal  in  weight  to  one»third  of  the 
mineral  employed  *.  It  is  easy  to  see  by  what  means 
this  reduction  was  accomplished.  The  charcoal  attract- 
ed the  oxygen  from  the  oxide,  and  the  metal  remained 
behind .  The  metal  obtained,  which  is  called  manganese, 
ivas  farther  examined  by  Ilseman  in  1782,  Hielm  ,ia 
1785,  and  Bindheim  in  1789. 

1.  Manganese,  when  pure,  is  of  a  greyish*white  co*   Propertiei 
lour,  and  has  a  good  deal  of  brilliancy.      Its  texture  is 
granular.     It  has  neither  taste  nor  smell. 

2.  Its  hardness  is  9,  or  equal  to  that  of  iron.  Its 
specific  gravity,  according  to  Bergman,  is  about  6*850  f. 

3.  It  is  very  brittle  ;  of  course  it  can  neither  be  ham* 
mered  nor  drawn  out  into  wire.  Its  tenacity  is  un- 
known.. 

4.  It  requires,  according  to  Morveau,  the  temperas 
ture  of  100"  Wedgewood  to  melt  it  ;  it  is  therefore 
somewhat  less  fubibic  than  iron. 


t  Bergmao,  ii.  iix.  f  O^st.  u.  005. 


Oudn. 
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Book  I.  5,  When  reduced  to  powder,  it  is   attracted  by  the 

I>hruion  I.  ii  .  ^ .  * 

magnety  owing  probably  to  a  small  portion  of  iron,  from 

which  it  can  with  difficulty  be  parted. 

II.  Manganese,  when  exposed  to  the  air,  attracts  oxy- 
gen with  considerable  rapidity.  It  soon  loses  its  lustre^ 
and  beoomes  grey,  violet,  brown,  and  at  last  Uadc. 
These  changes  take  place  still  more  rapidly  if  the  ne- 
tal  be  heated  in  an  open  vessel. 

This  metal  seems  capable  of  combining  with  thne 
different  proportions  of  oxygen,  and  of  forming  three 
different  oxides,  the  wbiu,  the  rtd,  and  the  black* 

protoxide.  1.  The  protoxide  or  white  oxide  maybe  obtained  bf 

'  dissolving  the  black  oxide  of  manganese  in   nitric  acid 

by  adding  a  little  sugar.  Tlie  sugar  attracts  oxygca 
from  the  black  oxide,  and  converts  it  into  the  white, 
which  is  dissolved  by  the  acid.  Into  the  solution  pov 
a  quantity  of  potash  ;  the  protoxide  precipitates  in  the 
form  of  a  white  powder.  It  is  composed,  according  to 
Bergman,  of  80  parts  of  manganese  and  20  of  oxygen. 
When  exposed  to  tlie  air,  it  soon  attracts  oxjgen,  and 
is  converted  into  the  black  nxidc  *. 

Dentozidc  2.  Tlie  dcutoxide  or  red  oxide  may  be  obtained  by 
dissolving  the  black  oxide  in  sulphuric  acid,  without 
the  addition  of  any  combustible  substance.  When  bJack 
oxide  of  manganese,  made  into  a  paste  with  sulphuric 
acid,  is  heated  in  a  rerort,  a  great  quantity  of  oxygen 
gas  comes  over,  wliile  the  oxide,  thus  deprived  of  part 
bf  its  cxygcn,  dissolves  in  the  acid.  Distil  to  dryness, 
and  pour  water  upon  the  rcsidiuim,  nnd  pass  it  through 
a  Ultcr.     A  red  coloured  solution  is  obtained,  consist** 


*  O/i/n.  ii.  ill. 
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ing  of  the  sulphate  of  manganese  dissolved  In  the  water,  Chap'iv»^ 
On  the  addition  of  an  alkali,  a  red  substance  precipi- 
tates, which  is  the  red  oxide  of  manganese*  According 
to  Bergman,  it  is  composed  of  74  parts  of  manganese 
and  26  of  oxygen  *.  #This  oxide  likewise  attracts  oxy- 
gen when  exposed  to  the  atmosphere,  and  is  converted 
into  the  black  oxide. 

3.  The  peroxide  or  black  oxide  of  manganese  exists  Perazife 
abundantly  in  nature  ;  indeed  it  is  almost  always  in  this 
state  that  manganese  is  found.  It  was  to  the  black  ox- 
ide that  the  appellation  manganese  itself  was  originally 
applied.  It  may  be  formed  very  soon  by  exposing  the 
metal  to  the  air.  This  oxide,  according  to  Fourcroy, 
is  composed  of  66  parts  of  manganese  and  40  of  oxy- 
gen f.  When  heated  to  redness  in  an  earthen  retort^ 
it  gives  out  abundance  of  oxygen  gas,  which  may  be 
collected  in  proper  vessels.  By  this  operation  it  is  re- 
duced nearly  to  the  state  of  red  oxide.  If  it  be  expo- 
sed to  the  air,  and  moistened  occasionally,  it  absorbs  a 
new  dose  of  oxygen  ;  and  thus  the  same  process  may 
again  be  repeated  t.  No  oxygen  gas  can  be  obtained 
from  the  white  oxide  :  a  proof  that  its  oxygen  is  re- 
tained by  a  stronger  affinity  than  the  additional  dose  of 
oxygen  which  constitutes  the  black  oxide.  Seguin  has 
observed,  that  in  some  cases  the  black  oxide  of  manga- 
nese emits,  before  it  becomes  red,  a  quantity  of  azotic 


♦  Opusc.  ii.  215.  t  Fourcroy,  v.  177. 

I  It  may  be  neccwiry  to  mention,  that  with  me  this  ahsoq>tioD  hat 
•accceded  but  imperfectly,  unleu  when  the  red  or  white  oxides  of  man- 
ganese hare  been  precipitated  from  an  acid. 
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Union  with 

combtttti* 

bid. 


Book  T.  gas  *.  When  long  exposed  to  a  strong  heat,  it  assnines 
a  green  colour.  In  that  state  it  is  whitened  by  sal* 
phuric  acid,  but  not  dissolved  f.  A  very  violent  belt 
fuses  this  oxide,  and  converts  it  iotp  a  green  colouitd 
glass* 

■ 

III.  1.  Manganese  does  not  combine  with  hydrogen. 
When  dissolved  in  sulphuric  acid,  a  black  spongy  man 
of  carburet  of  iron  is  left  behind.  Hence  it  has  beta 
supposed  capable  of  combining  with  carbon  ;  but  it  is 
more  probable  that  the  carbon  is  combined  with  the 
iron^  which  is  almost  always  present  in  manganese.  It 
seems  pretty  clear,  however,  that  carburet  of  iron  is 
capable  of  combining  with  this  metal,  and  that  it  always 
forms  a  part  of  steel. 

2.  Bergman  did  not  succeed  in  his  attempt  to  com- 
bine  manganese  with  sulphur ;  but  he  formed  a  solpbii* 
reted  oxide  of  manganese,  by  combining  eight  parts  of 
the  black  oxide  with  three  parts  of  sulphur.     It  is  oft 
green  colour,  and  gives  out  sulphurated  hydrogen  gas 
when  acted  on  by  acids  %•     It  cannot  be  doubted,  how* 
ever,  that   sulpluir  is  capable  of  combining  with  man* 
ganese  ;  for  Proust  has  found  native  sulphuret  of  man* 
ganese  in  that  ore  of  tellurium  which  is  known  by  the 
name  of  gold  ore  of  Nagyag  §. 
Pbot|>huree.        3.  Piiosphorus  may  be  combined  with  manganese  by 
melting  together  equal  parts  of  the  metal  and  of  phos- 
phoric glass  j  or  by  dropping  phosphorus  upon  red  hoi 


Sttlphnret. 


'JT-: 


*  Owin^  most  likely  to  the  filtration  of  air  through  the  earthen  wtr: 
retort,  in  which  the  i»any;:\iicsc  was  heated.  I  have  never  obsc^ed  any 
azotic  gas  when  niuiigancss  is  heated  in  an  iron  bottle. 

f  Bergman,  ii.  2i6.  t  ibid.  p.  221. 

i  J-^ur.  Js  I'vys*  Ivi.  I- 
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manganese.  The  phospharet  of  manganese  is  of  a 
white  colour,  brittle,  granulated,  disposed  to  crystallize, 
not  altered  by  exposure  to  the  air,  and  more  fusible  than 
manganese.  When  heated  the  phosphorus  bums,  and 
the  metal  is  oxidized  *• 

IV.  Manganese  does  not  combine  with  either  of  the 
simple  incombustibles. 

V.  Manganese  combines  with  many  of  the  metals,  AUoyir 
and  forms  with  them  alloys  which  have  been  but  very 
imperfectly  examined. 

1.  We  are  indebted  to  Mr  Hatchett  for  some  curious  Gold, 
experiments  on  the  alloy  of  manganese  and  gold.  Olive 
oil  was  repeatedly  mixed  and  burned  with  black  oxide 
of  manganese,  after  which  a  piece  of  gold  was  imbed- 
ded in  the  oxide,  placed  in  a  crucible  lined  with  char- 
coal, and  well  luted.  The  crucible  was  exposed  for 
three  hours  to  a  strong  heat.  By  this  means  a  portion 
of  manganese  was  reduced  and  combined  with  the  gold. 
The  alloy  was  externally  of  a  pale  yellowish  grey  co- 
lour, with  a  considerable  lustre,  almost  equal  to  that  of 
polished  steel.  U  was  very  hard,  and  possessed  some 
.ductility.  The  fracture  was  coarse,  very  spongy,  and 
of  a  reddish  grey  colour.  It  was  not  altered  by  expo- 
sure to  the  air.  From  the  analysis  of  Mr  Bingley,  the 
alloy  was  found  to  vary  in  the  proportion  of  manganese 
from  4^th  to  f  th  ot  the  whole.  It  is  more  difficult  of 
fusion  than  gold.  When  kept  melted  with,  access  of 
air,  the  whole  manganese  is  oxidized,  and  swims  on  the 
surface.  The  manganese  may  be  separated  by  cupel- 
lation  with  leadf- 


*  Pelleticr,  Ann,  de  Cbim,  xiii.  137. 
f  i^Iatchett  on  the  AHoj^  0/  CoU,  p.  22. 
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Manganese  unites  readily  with  copper.  The 
pound,  according  to  Bergman^  is  very  malleable,  its  co- 
lour is  red,  and  it  sometimes  becomes  green  by  ap« 
Gmclin  made  a  number  of  experiments  to  see  whedier 
this  alloy  could  be  formed  by  fusing  the  black  oxide  of 
manganese  along  witli  copper.  He  partly  succeeded^ 
and  proposed  to  substitute  this  alloy  instead  of  the  al- 
loy of  copper  aiid  arsenic,  which  is  used  in  the  arts  *• 

It  combines  readily  with  iron  ;  indeed  it  has  scarcely 
ever  been  found  quite  free  from  some  mixture  of  thit 
metal.  Manganese  gives  iron  a  white  colour,  and  ren- 
ders it  brittle.  It  combines  also  with  tin,  but  scarcelj 
with  zinc  f . 

It  does  not  combine  with  mercury  nor  with  bismuth. 
Gmelin  found  that  manganese  cannot  be  alloyed  with 
bismuth  without  great  difficulty  ;  and  that  it  unites  10 
antimony  very  imperfectly  %•  Chemists  have  not  ft- 
tempted  to  combine  it  with  platinum,  silver,  nick4 
nor  cobalt. 


SECT.  XXIL 


OF   CHROMIUM. 


HUtory.        I.  JN  the  year   17^0,   Lehman,  in  a  letter  to  BufToo^ 
published  the  firr.f  descrlTnu>.'.  of  a  beautiful  red  mine- 


♦  Gottinrjrn  Con-.TiciJt.  i;  87,  vol.  ix.  p.  75, 
I  Ann,  de  (Ibim.  xix.  366 
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tail  with  a  shade  of  yellow,  crystallized  in  four-sided    ^^"P*  *y*. 
prisms,  which  is  found  in  the  mine  of  Beresof^  near  E- 
katerimbourg  in  Siberia.    This  mineral,  known  by  the 
name  of  red  lead  ore  of  Siberia^  was  used  as  a  paint|  and 
is  now  become  exceedingly  scarce  and  dear.     It  was 
examined  soon  after  by  Pallas,  who  considered  it  as  a  • 
compound  of  lead,   arsenic,  and  sulphur.     Macquart^ 
who  in  1783  was  sent  upon  a  mineralogical  expedition 
to  the  north  of  Europe^  having  brought  a  quantity  of 
it  to  Paris,  analysed  it  in  1789,  in  company  with  Mr 
Vauqueltn.     These  gentlemen   concluded,  from  thei^ 
analysis,  that  it  is  a  com[K>und  of  the  oxides  of  lead  and 
of  iron.    On  the  other: hand,  Mr  BiTidheim  of  Moscow 
concluded  fronP^n  analysis  of  his  own,  that  its  ingre* 
dients  are  lead,  molybdic  acid,  and  nickel.     These  dis- 
cordant analyses  destroyed  each  other,  and  prevented 
mineralogists  from   putting: -any  confidence  in  either^ 
This  induced  Vauquehn,  who  had  now  made  himself  a 
consummate  master  of  the  art  of  analysing  minerals^  to 
examine  it  again  in  17Q7  ^«     He  found  it  a  combination 
of  the  oxide  of  lead  and  an  acid^  with  a  metallic  basis^ 
never  before  examined.     By  exposing  this  acid  to  a 
violent  heat  along  with  charcoal  powder^  \\t  feduced  it 
to  the  metallic  state ;  and  to  the  metal  thus  obtained  hd 
gave  the   name  of  chromium  \i     The  experiitielits  ot 
Vauquclin  have  been  since   repeated  and  verified  by 


*  Ann,  de  Chim.  xxv.  a  I.  ^d  194. 

t  From  xf^f^*  bcciuse  it  postesses  the  property  of  giving  colbor  tb 
other  bodies  in  a  remarkable  dogrec. 


;v.  /. 
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JlyMk'    KUt4«ali*^Giiieliiift  tnd  Moiuasa  PoiMdikint.  Ucfc 
wmy  ^>  te(  jiu  Ittply  ao^teeded  in  ircdiicing  cbromMun  t»  i». 
OMtiUtc  .«(i44^V  ral'in  .atcertaiaiog  tooie  of  its.  madim^ 

^^f^V^*^***      :  Th«  icolour  sof .  chronrinra  n.  .wlutc,  in  tenncdMit»  b- 
t  woHi  ihil  of  I  tiaJttid  tteel.   .  Its  specific  gnmt j-  ii  «ly^; 

!lfc!tkjc;xtrdmel7  bri^c^  Msmnes  •  good  poluh^  mii 
acao^dSngit^  the  obiervation  of  Ritter^  it  aagocdc^  l«t' 
ioffricciw  this  respect  to  iroo,  nickel,  and  eobik|« 
Acids  met'Upm  it  with  gnat  dtfficul^.  AcondiBf 
t^  Eihbscr,>  neither  nitric  not  mttriatie  acid  disaolv^il 
e«eo<odi  boiling  heat;,  bnt  nitro-flBiiriatie  acid  coowH 
ii!«ffjF  slowljr  into  muriate 'Orehtomi«fll» 
^.Ht  EBfyutes  a  very  high  Snsipcflrawre  to  melt  it  i  M, 
the-  pcecii{e  degceo  has  not  been  ascertatoed.  RioMBf 
snocecded:  in  mekiog  it  ini  small  graina  in  a  pocceUr 
&mace.  i.'"::;-  •  '  "  •'■. 
Oxidcfc  II*  Cbromium  is  not  altered  by  exposure  to  the  sir: 

but  when  bested  it  is  gradually  converted  into  an  o»de» 
WheCher  it  is  altered  by  bebg  kept  under  water  Im 
no^'b^en  ascertained.  Chromium  seems  capable  of 
oombining  with  three  different  proportions  of  oxygen, 
and  of  forming  three  oxides ;  namely,  the  grtut,  tbt 
irow%  and  the  ytttaw  or  chromic  acid, 

*  Crell't  Atnaltf  1798,  i.  So.  Mr  Klaproth  bad  eiamined  the  rtiktd 
en  in  confwqurnce  of  the  snalysis  of  fiindhdni.  His  eiperiiiient»  led  Ihb 
to  coijclude,  that  the  metallic  acid,  combined  with  the  lead,  wai  not  ik 
nutlyVlJc,  but  the  acid  of  some  new  unknown  mcul ;  bnt  kSt 
wattooimall  to  enable  him  to  decide  th«  point.  In  the 
Vauqueliii's  experiments  were  publiahedt 

i  Ibid.  1 799.  >•  *75.  t  Ibid.  1 798,  L  ^S5t  At 

^  Gchlcn'i  /(Mrr.  v.  35  [.  |  ibid,  t.  394. 


«    tTRAKIUM.  Bii 

1.  Tbe  protoxide,  or  green  oxide^  mty  be  obtained    ^CKip.  nr« 
ij  exposing^chromic  acid  to  heat  in  close  vessels ;  oxy- 
gen gas  passes  over,  and-  the  green  oxide  remains  be<« 
bind. 

2.  The  deutoxide^  or  brown  oxide>  is  intermediate 
between  the  green  oxide  and  chromic  acid.  IMTotissin 
Poaschkin,  who  first  described  this  oxide,  cotlipaifes  it 
u>  the  brown  oxide  of  iron.  He  has  not  given  an  uc^ 
soont  of  the  method  by  which  he  obtained  it*. 

3.  The  peroxide,  or  chromic  acid,  is  found  native  in' 
die  red  lead  ore.  It  is  a  red  or  orange  yellow  powder, 
lolable  in  water,  and  composed  of  33  parts  of  chromi* 
um  and  67  of  oxygen r 

Tbe  remaining  properties  of  chromium  have  not  been 
exmmined« 


SECT.  XXIIL 

OF    URANIUM. 

I.  1  H£RE  is  a  mineral  found  in  the  George  Wagsfort  Hlttorji 
mine  at  Johnan-Georganatadt,  in  Saxony,  partly  in  a 
pare  or  unmixed  state,  and  partly  stratified  with  other 
kinds  of  stones  and  earths.  The  first  variety  is  of  a 
blackish  colour,  inclining  to  a  dark  iron  grey,  of  a  mo- 
derate splendor,  a  close  texture,  and  when  broken  pre- 
seats  a  somewhat  even,  and  (Hi  the  smiallest  particles) 


•  Creirt  AHMah,  179S,  ii.  445. 
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Book  I. 
Divi^on  L 


I  low  ob- 
tained. 


a  concholdal  surface*  It  is  quite  Opaque,  toknUf 
hard,  and  on  being  pounded  yields  a  black  powder.  IB 
specific  gravity  is  about  7*500.  The  seccmd  sort  is  di> 
stinguished  bj  a  finer  black  colour,  with  here  and  thcR 
a  reddish  cast :  hy  a  stronger  lustre,  not  unlike  tbatof 
pitcoal  i  by  an  inferior  hs^rdness ;  and  hy  a  shade  of 
green,  which  tinges  its  black  colour  when  it  is  redaced 
to  powder  *. 

This  fossil  was  called  peclhknie  ^  and  inineralogiita» 
misled  by  the  name  f,  had  taken  it  for  an  ore  of  im, 
till  the  celebrated  Werner,  convinced  from  its  teztm^ 
hardness,  and  specific  gravity,  that  it  was  not  a  Utak^ 
placed  it  among  the  ores  of  iron»  Afterwards  he  sn> 
pected  that  it  contained  tungsten ;  and  this  conjccHfe 
was  seemingly  confirmed  by  the  experiments  of  soai 
German  mineralogists,  published  in  the  Miners  Joir* 
nal  %.  But  Klaproth,  the  most  celebrated  analyst  is 
Europe,  examined  this  ore  in  1189,  and  found  that  it 
consists  chiefly  of  sulphur,  combined  with  a  peculiar 
metal,  to  which  he  gave  the  name  of  uranium  \. 

Uranium  was  afterwards  examined  by  Richter,  and 
more  lately  an  elaborate  set  of  experiments  has  ban 
published  on  it  by  Bucholz  ||. 

To  obtain  uranium  from  its  ore,  the  mineral  is  \fi  be 
treated  with  nitric  acid,  which  dissolves   the  metallic 


*  Klaproth,  CrcIPs  Jtur.  Engl,  transl  i.  126. 

f  'Bltnde  i.<*  the  name  given  to  ores  of  zinc.  %  Ibid. 

{  From  Uranus  (Ou^aroc)*  the  name  given  by  Mr  Bode  eo  theoew 
planet  discovered  by  Herschel ;  which  name  the  German  astrooomeri 
liave  adopted.  Mr  Kiaproth  called  the  metal  at  iirtt  yramite  ;  but  be  a^ 
tiTA^'ards  chanyred  that  name  for  uranium. 

'!Gchlcn*fi  Joun  iv.  17. 


tJRAKIUM.  957 

|)ortioo,  and  leaves  the  greater  part  of  the  foreign  bo-    ^Cht^lV' 
|i  dies.     The  solution  usually  contains  iron,  copper,  and 
[f  lime  as  well  as  uranium.     Bj  evaporating  it  to  dryness, 
I  and  exposing  the  dry  mass  to  a  moderately  strong  heat, 
t  4tae  iron  is  rendered  insoluble,  while  the  other  ingredi- 
i  cnts  are  taken  up  by  distilled  water.    Ammonia  pour« 
I  cd  into  this  solution,  and  digested  in  it  for  some  time, 
J  iretains   the   copper,   but  throws  down   the   urauium. 
The  precipitate  is  to  be  well  washed  with  ammonia 
:  till  the  liquid  comes  off  colourless ;  it  is  then  to  be  dis- 
•olved  in  nitric  acid,  concentrated  by  evaporation,  and 
«et  by  to  crystallize.      The  green  coloured  crystals 
that  form  are  to  be  picked  out,  dried  on  blotting  paper, 
dissolved  in  water,  and  the  liquid  again  crystallized. 
By  this  means  the  whole  of  the  lime,  should  any  be  pre- 
sent,  is  gradually  left  behind,  and  the  crystals  consist  at 
layt  of  pure  oxide  of  uranium,  united  to  nitric  acid. 
They  are  to  be  exposed  to  a  red  heat ;  a  yellow  pow- 
der remains,  which  is  oxide  of  uranium.     This  powder 
it  to  be  mixed  with  a  small  quantity  of  charcoal  powder, 
and  exposed  to  a  violent  heat*.    By  this  method  it  is  re- 
duced to  the  metallic  state  *. 

1.  Hitherto  uranium  has  not  been  obtained  in  masses  Fropcrtlei. 
of  any  considerable  size  ;  the  heat  requisite  to  melt  it 
being  much  greater  than  can  be  raised  in  furnaces.  It 
follows,  from  the  trials  of  Bucholz,  that  no  flux  is  of 
any  service  in  facilitating  the  fusion  of  this  metal;  that 
its  refractoriness  does  not,  as  Richter  suspected,  proceed 
from  the  presence  of  iron  ;  that  charcoal  powder,  when 


*  See  Klaproth*s  Britragt,  U.  476.  £iig.  trans,  and  Bucholz,  CehUit*i 
J^ur,  iv.  19. 
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mixed  m  a  luge  proportioii,  obstmcts  dbe  sncc^)  all 
tiiftt  we  accompUftK  oar  pnipoie  beat  when  Ae  ankni 
flUJEed  with  a  pordoD  of  oharcoel  not  exoecdnig  ^^M 
the  weight.    This  fldztore  it  to  be  nvddsad  fai  mdim] 
coti  cmciUe,  to  exclude  the  mir,  and  ezpooed 
ttroDgest  heat  that  can  be  raiaed.     Klaproth,  in 
of  170^  Wedgewood,  obtained  m  poroni  metnllie 
firml  J  cohering ;  and  Boobdz  procured  it  nenri  j  n 
tame  atate. 

2*  Its  oolonr,  when  thns  obtstnedy  is  irMi  gicj^l 
baa  considerable  lustre,  and  is  soft  enoagh  to  jidtfil 
the  file.  Its  malleability  and  dnctility  are  of  ijff^ff 
unknown.  Ita  spedfic  gravity,  in  KlnprothV  trblE 
waa  only  8*100.  But  Buchola  obtaimed  it  ma  In^ll 
0*000.' 

II.  From  the  experimenta  of  Buchob»  we  Icmtt-iil 
uranium  is  capable  of  uniting  with  Tnrlnna  dotrtirf 
oxygen. 
P*9fadd€»  1.  When  uranium  is  heated  to  rednesa  in  anepa 
vessel,  it  undergoes  a  species  of  combustion,  glowiB|  ^ 
like  a  live  coal,  and  is  soon  converted  into  a  greyiA 
black  powder,  which  undergoes  no  farther  cfaaM 
though  the  heat  be  continued.  This  powder  ia  the  piot- 
oxide  of  uranium.  One  hundred  parts  of  the  metil^ 
when  thus  oxidized,  increase  in  weight  so  aa  to  becOBS 
105*17.     Hence  this  oxide  is  composed  of  about 

95*1  uranium 
r  4*0  oxygen 


tioewkh 
uajgcB. 
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*  Bucbolz,  Ibid.  p.  35. 
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2.  When  nraniutn  or  its  oxide  is  dissolved  in  nitric    .     ^'A^^ 
.  «cid,  and  the  solution  is  treated  with  an  alkali,  the  me*  FerotMt.' 

tal  is  precipitated  in  the  state  of  a  peroxide.  The  same 
peroxide  is  procured  by  precipitating  uranium  from  sul- 
",  phuric  or  muriatic  acids,  and  exposing  it  while  moist 
.  to  the  air.  The  peroxide  thus  obtained,  when  well 
washed  and  dried,  is  yellow,  tasteless,  and  insoluble  in 
water.  When  treated  with  muriatic  acid,  it  dissolves 
with  effervescence,  oxymuriatic  acid  gas  b^ihg  disen- 
2[aged.  This  oxide,  according  to  Buchoh^,'  is  composed 
of  from  76  to  80  parts  of  uranium,  united  with  from 
14  to  20  of  oxygen.  Hence  100  parts  of  the  metal, 
when  peroxidized,  increase  in  weight  so  as  to  become 
between  12G  and  131.  Experiment  has  not  hitherto 
ascertained  the  exact  proportion  *. 

3.  Bucholz  is  of  opinion,  that  besides  these  two  oxides  Other 
there  are  several  intermediate  degrees  of  oxidizement 

of  which  the  metal  is  susceptible,  each  of  which  ischa- 
^  racterizcd  by  a  peculiar  shade  of  colour.  When  the 
black  oxide  is  dissolved  in  sulphuric  acid,  and  thrown 
down  by  ammonia,  it  is  at  first  blackish  grey,  but  soon 
assumes  a  violet  colour.  When  the  solution  of  ura- 
nium in  nitric  acid  is  evaporated  to  dryness,  and  expo- 
sed to  a  red  heat,  a  yellowish  brown  powder  remains, 
inclining  to  green.  All  these  colours  Bucholz  consi- 
ders as  indicating  so  many  degrees  of  oxidizement.  The 
following,  according  to  him,  is  the  suite  of  colours 
through  which  the  oxides  of  uranium  pass,  every  one 
including  a  peculiar  oxide +. 

Protoxide Greyish  black. 


^  Bucholz,  Ibid.  p.  i;.  f  Il'i^*  P*  4^ 
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r?^  h         *     Second  oxide ....  Dark  grey,  inclining  to  vioku 
wt    y     |»  Third  oxide Greenish  browot 

Fourth  oxide Qreyish  green. 

Fifth  oxide .Orange. 

Peroxide |^mon  yellow. 

III.  No  experiments  have  been  ID adc  to  ascertain  the 
compounds  which  uranium  is  capable  of  forming  with 
any  of  (he  simple  copibustibles,  except  M'ith  sulphur. 

(Sulphtiret  i,  Klaproth   mixed  the  peroxide   of  uranium  with 

(wice  its  weight  of  sulphur,  and  heated  it  in  a  retontill 
most  of  the  sulphur  was  driven  off.  The  residuum  was 
a  bUckish  brown  compact  mass.  By  inci  easing  the 
heat,  the  whole  of  the  si|lphur  was  driven  ofF,  and  the 
Ui  anum  remuincd  in  the  metallic  state  in  the  form  ofa 
black  heavy  ecaise  powder  *.  Bucholz's  experiments 
(hough  made  in  a  dilFerent  way,  led  nearly  to  the  same 
fesuli.  He  boiled  a  mixture  of  sulphur  and  oxide  of 
uranium  m  un  alkaline  solutiun  to  dryness^  heated  the 
Residue  to  redness,  ai.d  then  treated  it  with  distilled  wa- 
ter. A  blackish  brown  p(>wd«r  rcinaired  behirul,  and 
small  Ticedlcs  of  a  led  colour  appeared  in  the  !^olutioR. 
In  one  iriaj,  iIjo  ccnTij.ouiid  which  he  obtained  gave  oui 
soir.e  sulpliuit.  :ed  !  ydro^^cn  wlien  ciissolved  in  luuiialic 
acid.  This  is  a  pi  oof  thvt  it  was  not  a  si.ilphuretcd 
oxide,  but  a  snlpiuiret  of  uranium  f. 

IV.  UiaiJiuni  is  but  imperfectly  soluble  in  muriatic 
^cid.  Azeic,  we  may  inlVr  JVoni  .^nalo^y,  does  not  act 
upon  it. 

V.  N'. tiling  is  known  rcspcctli^r;  the  combinations  of 
irnniuni  witli  iiie  oilier  mcr.ils  ;   Euchoiz  having  been 


''•■.,■> '  •  2ij-  t  Gchltn's  Jcur,  iv.  ^;. 
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)i  i  thcrto  prevented  from  making  any  experiments  on  that    ■     ^  ^^' 
part  of  the  subject;  bj  the  want  of  a  sufficient  quantity 
<>f  uranium. 


SECT.  XXIV. 


OF   MOLYBDENUM. 


J.  Xh£  Greek  word  fi9Xv^^x,w,  and  its  Latin  transla*  Hiitor/. 
Cion  plumbago^  seems  to  have  been  employed  by  the  an- 
cients to  denote  various  oxides  of  lead  ^  but  by  the  mo* 
den\s  they  were  applied  indiscriminately  to  all  substan* 
ces  possessed  of  the  following  properties :  Light,  fria^> 
ble,  and  soft,  of  a  dark  colour  and  greasy  feel,  and  which 
leave  a  stain  upon  the  fingers.  Scheele  first  examiued 
these  minerals  with  attention.  He  found  that  two  very 
different  substances  had  been  confounded  together.     To  *' 

one  of  these,  which  is  composed  of  carbon  ar.d  iron, 
and  which  has  been  already  described^  he  appropriated 
the  word piumbago  ;  the  other  he  called  molybdena* 

Molybdena  is  composed  of  scaly  particles  adhering 
slightly  to  each  other.  Its  colour  is  bluish,  very  much 
resembling  that  of  lead.  Scheele  analysed  it  in  1778, 
and  obtained  sulphur  and  a  whitish  powder,  which  pos* 
^ssed  the  properties  of  an  acid,  and  which,  therefore, 
he  called  acid  of  molybdena* .  Bergman  suspected  this 
^cid,  from  its  properties,  to  be  a  metallic  oxide  ;  and  at 


•  Scheele,  i.  i^^. 
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^     hii  nqiMjMy  Hidm,  in  1782»  undertook  the  UsoMl 
J  ceurst  of  c»pcri«entt  by  which  hm  ipgtigdod  in 


c«rc«L 


ing  a  metd  fro^  this  tcid.  Hit  method  wmf^  fan 
it  into  a  paste  with  linseed  oil,  and  then  tm  ^ff/ij  aif| 
strong  heat.  This  process  he  lepenled  eereral  tioM 
SBccestivelj  *•  To  the  metal  which  he  obtained  Is 
gave  the  name  of  m^fytdammf*  The  eaEpeiincotisf 
Scheele  were  afterwards  repeated  hj  Pelletier  }t  Ib^ 
man  j,  and  Hejer  ||  $  and  npt  only  folly  confimied,  ImI 
many  new  facts  discpyered,  and  the  metallic  nature  d 
molybdic  acid  was  put  beyond  a  doubt :  thoogb,  b 
.  coiMicquence  of  the  very  Tiolent  heat'necessary  to  fast 
molybdenum,  only  very  minute  gntins  of  it  hare  bcca 
hitherto  obtained  in  the  state  of  a  metaK  Still  iBOie 
lately  Mr  Hatchett  has  published  a  very  ^eloabfe  set 
<»f  experiments,  which  throw  much  new  light  upon  Ae 
nature  of  this  meta|^t  We  areindebtecl  to  Hilcboh 
fbrihe  last  and  not  the  least  elaborite 'and  ittipectiBt 
set  of  exp^ments  on  this  refractory  metal  and  its  com* 
pounds  *•• 
Ham  ff  *  The  simplest  method  of  procuring  molybdenum  in  a 
state  of  purity,  seems  to  be  that  put  in  practice  hj, 
Hielm.  Molybdena  is  roasted  in  a  moderate  red  hest 
slowly  and  repeatedly,  till  the  whole  is  reduced  to  the 
state  of  a  fine  powder,  and  passes  through  a  sieve.  The 
powder  is  to  be  dissolved  in  ammonia,  the  solution  fil- 
tered, and  evaporated  to  dryness.  The  residuum  bebg 
moderately  heated  (adding  a  little  nitric  acid)  leaves  a 


*  B«rpnan*t  Sdagrafbia^  P*  X9*  £ng*  trtnil. 

f  Creirt  AnnJs,  1790,  L  39,  &c.       t  J^trr.  Je  Phji,  1 785,  Deconbr?. 
{  CrcU*8  Aifialt,  1787,  L  407.  B  1^^  1787*  ii>  Si.  and  114. 

5  PIU.  Trms,  1795,  p.  3»3.  ♦•  GdUcn't  /mt.  it.  398. 
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^hite  powder,  which  is  the  pure  oxide  of  molybdc-  ^Chip.  nr. 
num  *.  By  mixing  this  oxide  with  some  oil  or  char- 
coal powder,  and  exposing  it  to  a  violent  heat,  it  is  re- 
duced to  the  metallic  state.  The  method  followed  by 
Bucholz  was  nearly  similar.  He  has  shown  that  heat 
reduces  the  oxide  to  the  metallic  state  without  its  being 
necessary  to  add  any  charcoal.  But  no  heat  which  he 
could  raise  was  high  enough  to  melt  this  refractory 
metal  into  a  solid  button.  The  experiments  of  preceding 
chemists  had  been  equally  unfortunate. 

I.  Hitherto  the  metal  has  been  obtained  only  in  small  propettiob 
grains,  or  in  pieces  imperfectly  agglutinated,  and  which 

break  readily  when  struck.  Its  colour,  from  the  ob- 
servations of  Bucholz,  seems  to  be  silvery  white,  but 
it  frequently  has  a  shade  of  yellow.  Hielm  found  its 
Specific  gravity  only  7*400  ;  but  Bucholz,  whose  spe- 
cimens had  doubtless  been  exposed  to  a  more  violent 
heat,  and  were  more  compact,  found  it  as  high  as 
S-611  +. 

Molybdenum  is  brittle.  It  is  not  altered  though  kept 
under  water.  The  effect  of  exposure  to  the  air  has  not 
been  ascertained  in  a  satisfactory  manner. 

II.  When  exposed  to  heat  in  an  open  vessel,  it  gra-  Oxidet. 
dually  combines  with  oxygen,  «nd  is  converted  into  a 
white  oxide,    which  is  volatilized  in   small    brilliant 
needle- form  crystals.     This  oxide,  having  the  proper- 
ties of  an  acid,  is  known  by  the  name  of  molybdic  acid0 

From  the  experiments  of  Bucholz,  compared  with 
the  previous  observations  of  Hatchett,  we  learn  that 
molybdenum  is  capable  of  combining  with  at  least  four 


f  Crell't  Annaltt  iii.  33S.  £ng.  trans.  \  Gehlen^  Jour.  vt.  61  S« 
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Protoxide. 


8ecaiid<n- 


Book  I.      different  doses  of  oxygen,  and  of  forming  four  oxides', 
BiYiaon  I.    nanj^jy^  j^  ^he  brown  j  2.  the  violet ;  3.  the  blue  ;  ni 

4.  the  white,  comnionlj  known  hy  the  name  of  mo- 
Ijbdic  acid. 

1 .  The  brown  oxide  is  obtained  hj  exposiif g  mdyV- 
dengm  in  powder  to  a  red  heat.  Nothing  is  knowa 
res|>ecting  the  proportion  of  oxygen  which  it  contains. 
Indeed  Bucholz  inferred  from  the  colour  merely  that  it 
is  a  peculiar  oxide,  without  subjecting  it  to  a  particultr 
examination. 

2.  By  exposing  the  metal  to  a  longer  and  rather  a 
more  violent  heat,  it  assumes  a  vio/et  broivn  colour, 
which  Bucholz  considers  as  the  second  oxide.  When 
the  molybdate  of  ammonia  is  exposed  to  a  violent  belt 
in  a  crucible,  a  violet  brown  mass  remains  behind,  ha* 
ving  more  or  less  cohesion  according  to  the  tempera- 
ture, and  a  considerable  degree  of  metallic  lustre.  This 
residue  Buchol'iL  considered  at  first  as  the  metal  redaced, 
but  a  more  complete  investigation  convinced  him  that 
it  was  a  peculiar  oxido.  Probably  it  is  the  same  with 
the  second  oxide  obtained  directly  by  heating  the  metal. 

plue  oxide.  3,  The  hluc  oxide  may  be  obtained  by  carrying  the 
heating  of  the  molybdenum  a  little  farther.  But  Bu- 
cholz found  this  a  very  tedious  and  uncertain  method. 
The  following  process  succeeded  much  better  :  Mix 
together  one  part  of  molybdenum  in  powder  and  two 
parts  of  molybdic  acid,  and  triturate  them  in  a  porce- 
lain mortar  m^dc  into  a  pap  with  hot  water  till  the  mix* 
ture  becomes  blue,  then  add  eight  or  ten  parts  of  water, 
and  boil  the  wliolc  for  a  few  minutes.  Filter  the  solu- 
tion, :ind  evaporate  in  a  temperature  not  exceeding  120". 
.  The  blue  oxide  remains  in  the  state  of  a  fine  powder. 
If  the  whole  of  the  mixture  of  molybdenum  and  mo- 
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lybdic  acid  be  not  dissolved,  the  process  may  be  rejieat*-  ^^P-  ^* 
ed  with  the  residue  as  often  as  is  necessary.  This  blue 
oxide  possesses  in  fact  the  properties  of  an  acid.  It  con- 
verts vegetable  blues  to  red,  is  soluble  in  water,  com- 
bines with  the  saline  bases,  and  forms  salts.  The  name 
of  molyhous  acid  may  be  given  to  it.  Molybdenum 
appears  always  to  be  converted  into  this  oxide  when 
left  in  contact  with  water  and  air,  or  when  water  mix- 
ed with  it  is  slowly  evaporated.  The  blue  oxide  seems 
to  be  composed  of  about  100  parts  metal  and  34  oxy- 
gen. 

4*  The  white  oxide,  or  molybdic  acid,  is  obtained    Moljbdiq 
most  easily  from  native  molybdena,  by  roasting  it  for   "^'^ 
some  time,  and  then  dissolving  the  grey  residue  in  am-* 
monia.     Nitric  acid  dropt  into  the  solution  precipi- 
tates the  molybdic  acid  in  a  state  of  purity  *•    The  acid 
thus  obtained  is  in  fine  white  scales  \  but  when  melted 
and  sublimed  it  becomes  yellow.     Its  properties  were    . 
first  investigated  by  Scheele.      It  converts  vegetable 
blues  to  red  ;  but  according  to  Bucholz,  not  with  so  much 
readiness  as  the  blue  oxide,  which  in  his  opinion  is  the 
more  powerful  acid  of  the  two.   It  is  composed,  accord- 
ing to  his  experiments,  of  about  60y  parts  metal,  and 
334  oxygen,  or  of  100  metal  and  50  oxygen. 

Bucholz  supposes,  that  between  the  blue  and  the 
white  oxides  there  is  an  intermediate  oxide,  the  colour 
of  which  is  bluish  gfeetty  and  which  likewise  possesses 
acid  properties. 

III.  1.  Molybdenum  combines  readily  with  sulphur;    Unioo 
and  the  compound  has  exactly  the  properties  of  mo-   fj^^"*** 


I 


«  Bucholr,  Gelfen*s  Jwr,  iv.  604. 


I 


]^Wfftt9/.tfi«  tftbttttios.wlltch  Scbtdfi  dccMbponoM^ 
lif^bdena  it  therefore  smlfhtint  vfmmljMnmm.    Th 
0^f^«9o;tluii|  Scheele  ob|ikiiied  from  it  noljikdicacid 
t)M^4^^  aeul  oomWnediwidi  ozTgeD  dnrii^iflib 
9M»i:  Satpharet  of  moljbdennm  may  be  ionttod  As 
tgr:diitijtiiDg  togetber  one  p»rt  of  molyhdie  acid  nd  im 
PKU  of  solpbar*    From  the  experimcats  of  YkaMfk 
.   V^  Iff ^M^j  d»at  it  18  oooipoied  of  mboujfc 
•r    r-. .  .  60  metal 

40  sulphur^       i     -        ' 

.loot. 

-.  .0.:*M0l]rbdeiiiim  it  lAta  eapaUe  of  oomliiaiog  whk 

*  pbospboirtfftt*' 

•  JEiVtfr, Muriatic  acid' hat  hot  Kttld  efibct  upon  aoMyk 
itarai.i)  but  it  dittdret  itt  oxide.  The  aclion  of  aii 
Mtt.'batifliOtbcaa  examioed, 

aibftwich  V.  T^  the  iadofitigaUe  iadottry'of  Hielm,  wene 
indebted  for  a  set  of  experiments  on  the  alloys  of  mo- 
lybdenum with  other  metals. 

H^  •  1.  With  gold  It  melts  only  imperfectly,,  and  forms  a 

blackish  brittle  mass,  from  which  a  considerable  por- 
tion of  the  gold  eliquates  when  it  is  kept  in  a  strong 
heat.  The  alloy  is  attacked  by  nitric  acid.  ThegoM 
subsides  in  the  state  of  a  fine  powder,  and  the  moIjb» 
denum  lies  over  it  in  the  form  of  white  oxide.  The 
proportions  tried  were 

Gold 6,  4,  2. 

.^    .  .  Molybdenum  2,  2,  2. 


•  •■ 


•  Pcllctier,  Jour,  <fi  Phys.  1785.  f  Gchlen't  Jour.  it.  603, 

\  PcUcticT,  Ann.  dc  Cbim,  xiii.  13;. 
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3f one  of  these  compounds  could  be  brought  inlo  pei' 
fcct  fusion  even  by  the  assistance  of  borax  ". 

2.  Equal  parts  of  platinum  and  moljbdenutn  melt-    PLuawm, 
ed  into  a  hard  irregular  brittle  mass,  of  a  close  leslure, 

a  light  grey  colour,  and  a  metallic  lustre-  Three  parts 
o£  molybdenum,  and  one  of  platinum,  did  not  ooelt  com. 
pletely.  The  same  difficulty  of  fusion  was  experienced 
when  the  proportion  of  platiaum  was  augmented.  The 
spccitic  gravity  of  this  alloy  was  found  by  Hielm  to 
be  20+. 

3.  Four  parts  of  silver  and  Iwo  of  molybdenum  were    Sil«t, 
strongly  healed  ia  a  crucible,  but  did  not  yield  a  button. 

Hy  continuing  the  heat  a  portion  of  the  silver  elTtjua. 
ted,  sliU  retaining  a  part  of  the  molybdenum,  and  be- 
coming bluish  when  healed.  The  residuum  being  melted 
again  in  charcoal,  became  more  compact,  was  brittle, 
of  s  grey  colour,  and  a  granular  texture.  When  mell- 
cd  by  itself  silver  eliqtiaied.  By  nitric  acid  the  silver 
was  taken  up  from  this  alloy,  and  the  molybdenum 
tonverud  into  while  oiiide. 

Four  pans  of  silver  and  one  of  molybdenum  gave  a 
malleable  compound,  but  it  could  not  be  melted  into  a 
lound  button.  Il  was  of  a  silver  colour  and  graimlar 
Icsture. 

One  part  of  silver  and  two  of  molybdenum  melted 
into  a  granular,  brittle,  greyish  lump.  When  hcnted 
OH  charcoal  the  molybdenum  evaporated,  and  the  silver 
remained.  The  molybdenum  may  be  separated  fiom 
Mirer  by  cupelktion,  especially  if  ihe  alloy  has  been 
lircviously  calcined  J. 


•  Hirlm,  Ctell'*,<«m/i,iiu,lj£i.  Eng,  tisof. 

J  IbiiL  p.  Si-  ini  A-x.  Jr  Cbim.  U.  17,        (  CrelTt  -In..//,  Ill  jdi. 
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Bookl. 


Copper, 


Iron, 


Nkkcl, 


4«  Hielm  could  not  succeed  in  hit  attempts  to  unite 

mercury  and  molybdenum  *. 

5«  Equal  parts  of  molybdenum  and  copper  fanned 
an  alloy  which  yielded  to  the  hammer  a  little,  bolt: 
length  broke  in  pieces,  exhibiting  a  granular  teztunr 
and  a  bluish  colour  mixed  with  red.  It  admitted  of 
being  filed ;  and  the  surface  thus  exposed  was  pikr 
than  copper,  and  did  not  lose  its  lustre  by  exposoFe  to 
the  air.  Four  parts  of  copper  and  1-i-  molybdema 
formed  an  alloy  not  very  different  in  its  properties ;  bot 
when  the  metals  were  mixed  in  the  proportioo  of  ooe 
part  copper  and  two  molybdenum,  the  alloy  was  brit- 
tle, and  of  a  reddish  grey  colour.  Nitric  acid  dissolved 
the  copper,  and  left  the  white  oxide  of  molybdenum  t* 

6.  Equal  quantities  of  iron  and  molybdenum  melt 
readily,  and  form  a  brittle  alloy,  of  a  bluish  grey  co- 
lour, and  considerable  hardness.  Its  fracture  was  fioe^ 
scaly,  and  granular.  Before  the  blow-pipe  it  melted 
with  intumesccuce,  but  without  sparks.  One  part  of 
iron  and  two  of  molybdenum  formed  a  brittle  alloj, 
of  a  fine  grained  texture,  and  liglit  grey  colour.  It  was 
magnetic,  and  did  not  melt  before  the  blow-pipe.  Of 
all  the  metals,  iron  seems  to  unite  most  readily  with 
molybdenum  |. 

7.  Equal  quantities  of  molybdenum  and  nickel  melt- 
ed into  a  button,  internally  of  a  light  grey  colour,  yield- 
inj?  somewhat  to  the  hammer  before  it  broke,  and  cx« 
Itibiting  a  granular  texture.  It  was  not  magnetic,  and 
did  not  melt  before  the  blow-pipe.  When  the  propor- 
tion of  molybdenum  is  increased,  the  fusion  of  theal- 


«  Crdl's  ,1':Ka/ff  iii.  ^s^.  f  Ibi'i.  p.  :^66.  \  Ibid.  p.  yc^ 


-  l*y  becomes  more  diiHcuIi;  in  other  respe<!ts,  its  proper-    Cb>p.  ty,^ 
lies  continue  nearly  the  same  ". 

8.  Equal  parts  of  tin  and  moljbdenum  melted  into  '^'"'■ 
B  blackUh  grey,  granular,  brittle,  soft  mass.  Whea 
:  tWo  parts  of  tin  and  one  of  molybdenum  were  melted 
'  together,  the  alloy  was  harder  than  the  preceding,  but  ia 
other  respects  agreed  wiih  it.  Four  parts  of  tin  and  one 
of  molybdenuni  formed  a  still  harder  alloy,  which  ad- 
mitted of  being  hammered  a  little,  did  not  crackle  like 
tin  when  bent,  and  in  its  fracture  exhibited  a  greyish 
colour  and  granular  testure.  When  strougly  heated, 
the  tin  did  not  eliquaie  till  the  alloy  was  pressed  with 
the  forceps  t. 

g.  Ten  parts  of  lead  and  one  of  molybdenum,  when  Lead, 
melted  together,  form  an  alloy  which  is  somewhat 
tnalleable,  and  whiter  than  pure  lead.  When  kept 
heated,  the  lead  partly  cliquates.  When  the  propor- 
tioD  of  molybdenum  is  increased,  the  alloy  becomes 
brittle,  dark  coloured,  and  more  dilTicult  of  fusion  {■ 

19.  The  volatility  of  zinc  renders  it  diffitull  to  aUojr   zinc, 
ibat  metal  with  molybdenum.     Equal  parts  of  the  two 
metals,  sirongty  heated  in  a  covered  crucible,  left  a  black 
mass  almoSPin  a  powdery  stale  (. 

11.  The  combination  of  bismuth  and  molybdenum  Bimiut!!, 
ii  equally  obslrucied  by  the  volmility  of  the  former 
mcial.  When  ihcy  are  melted  together,  the  bismuth  is 
driven  ofT,  and  a  black  brittle  mass  remains,  consisting 
chiefly  of  molybdenuai.  Four  parts  of  bismuth'  Ind 
one  of  molybdevum,  being  melted  together  in  a  bed  of 
charcoal,  gave  a  bUck  brittle  mass,  together  with  a  bui- 


"■  3fi7- 


t  tbid.  p.  3J3 
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Autimony, 


Arsenic, 


fi^j^*  ton  of  bismuth,  which  retained  a  pCMrtion  of  molybde* 
num.  This  button  bore  a  few  strokes  of  the  hammert 
but  at  length  broke  in  pieces.  lis  texture  was  closet 
tfaaM  bismuth,  and  it  was  very  fusiUe  *• 

12*  When  antimony  and  molybdenum  were  meltei 
together,  the  antimony  exhaled,  leaving  the  molybde- 
num in  the  state  of  a  black  mass.  By  adding  antinm 
ny  to  this  mass,  and  repeating  the  fasioa  twice,  a  per* 
tion  of  tlte  antimony  adhered  to  the  molybdenum,  sai 
formed  an  aJk>y  of  a  yellowish  grey  colour  and  brittle  f. 

IS.  When  arsenic  and  molybdenum  are  melted  lo» 
gether,  the  whole  of  the  arsenic  sublimes  ;  but  wbca 
oxide  of  arsenic  is  employed,  a  combination  takes  pbwe, 
from  which  the  arsenic  is  not  easily  separable  again  {. 

14.  Equal  parts  of  cobak  and  molybdenum  mdted 
into  a  button  of  a  grey  colour,  brittle,  and  of  difficok 
fusion.  Two  parts  of  cobalt  and  four  of  molybdeniua 
gave  an  alloy  of  a  sparkling  reddish  grey  colour,  haH, 
brittle,  not  attracted  by  the  magnet,  intertully  granultr» 
and  of  a  bluish  grey  colour  J.. 
MaogancM.  15.  Equal  parts  of  manganese  and  molybdeonm 
melted  into  an  irregular  button,  not  fusible  before  the 
blow-pipe,  and  not  colouring  borax  till  aftef  it  had  beea 
roasted  ||. 


Cobalt, 


♦  CrcU's  AnnaU,  p.  363.  f  Ibid.  p.  377» 

I  Ibid.  p.  368.  §  Ibid.  p.  371,  II  Ibid.  p.  376. 
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SECT.  XXV. 


or    TUi^GSTEJT- 


I     Ik   jThere  is  a  mineral  found  in  Sweden  of  an  opaque  Hi8t6rj« 
r    tvhite  colour  and  great  weight ;« from  which  last  cir- 
cumstance it  got  the  name  of  tungsten^  or  pwidtrous 
.    stwie.    Sbme  mineralogists  considered  it  as  an  ore  of  tin, 
others  supposed  that  it  contained  iron.     Scheele  ana- 
lysed it  in  11  Sly  and  found  that  it  was  composed  of 
lime  and  a  peculiar  earthy-like  substance,  which  he  cal- 
led from  its  properties  tungstic-acid*,     Bergman  con- 
jectured that  the  basis  of  this  acid  is  a  metal  f ;  and 
this  conjecture  was  soon  after   fully  confirmed  by  the 
experiments  of  Messrs   D'Elhuyar,  who  obtained  the 
same  substance  from  a  mineral  of  a  brownish  black  co- 
lour, called  by  the  Germans  wolfram  %$  which  is  some- 
times found  in  tin  mines.     This  mineral  they  found  to 
contain  -/^  ^^  tungstic  acid  ;  the  rest  of  it  consisted  of 
manganese,  iron,   and  tin.     This  acid  substance  they 
mixed  with  charcoal  powder,  and  heated  violently  in  a 
crucible.     On  opening  the  crucible  after  it  had  cooled^ 
they  found  in  it  a  button  of  metal,  of  a  dark  brown  co- 
lour, which  crumbled  to  powder  between  the  fingers. 
On  viewing  it  with  a  glass,  they  found  it  to  consist  of 
a  congeries  of  metallic  globules,  some' of  which  were  at 


*  Scheele,  ii.  8i.  f  Ibid.  ii.  91. 

%  Wolfram  had  been  analysed  in  176   by  Lehmann.    He  Imagined  11 
a  componnd  of  iron  and  tin.    See  his  Prtblfrkuntty  p.  %, 

A  a  2 
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Book  I.     large  as  a  pin-head.     The  metal  thus  obtained  is  calM 

DiTuionU  ....  .         . 

\m,  ^  ,*  tungsten.  The  manner  m  which  it  is  produced  is  en- 
dent  :  tungstic  acid  is  composed  of  oxjgen  and  tiflf- 
sten  ;  the  oxygen  combined  with  the  carbon,  and  kft 
the  metal  in  a  state  of  puritj  *• 

The  experiments  of  the  Elhuyarts  were  repeated  is 
1706  by  Vauquelin  and  Hecht,  in  general  withsoc* 
cess  ;  but  they  were  unable  to  procure  the  metal  oon- 
«  pletely  fused,  though  this  had  been  accompIisAed  bj 

the  Spanish  chemists  f.  Nor  is  this  to  be  wondered  i^ 
as  Dr  Pearson  t  ^^^  Mr  Kfaproth  {  had  made  tbe  saw 
attempt  before  them  without  succeeding.  The  fusioB 
of  this  metal  has  been  also  accomplised  by  Messrs  ABa 
and  Aiken  of  London.  They  succeeded  by  applyiog 
a  strong  heat  to  the  combination  of  the  oxide  of  tuogsteo 
and  ammonia  ||. 
Fropertieii  1.  Tungsten,  called  by  some  of  the  German  cbe* 
mists  scbeelinm^  is  of  a  greyish- white  colour,  or  ratiier 
like  that  of  steel,  and  has  a  good  deal  of  brilliancy. 

2.  It  is  one  of  the  hardest  of  the  metals  ;  for  Vau- 
f  quelin  and  Ilecht  could  scarcely  make  any  impressioo 

upon  it  with  a  fi'e.  It  seems  also  to  be  brittle.  Its  spe- 
cific gravity,  according  to  the  D*Elhuyarts»  is  I7'5; 
according  to  Allen  and  Aiken,  17*33  ^.  It  is  there- 
fore the  heaviest  of  the  metals  after  gold  and  plati- 
nnm. 


_L.:.r 


*  Mem.  TbouUuse^  ii.  141.     This  memoir  has  been  tranilatci  iz^o 
English. 

f  J»ur.  t/c  \Ua.  No.xur.  3. 

I  Trans!,  af  the  Cbem.  Somenchtmre* 

^  Obittv.  on  the  Fossih  of  CcrnnaUt  p.  77* 

fl  Aiken's  Dictionary  if  Clsmistry^  ii.  445.  ^  Ibi*. 
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•2.  It  requires  for  fusion  a  temperature  at  least  equal    Chap.  IV, 
to  no®  Wcdgeuood,    It  seems  to  have  the  property  of 
crystallizing  on  cooling,  like  all  the  other  metals ;  for 
the  imperfect  button  procured  by  Vauquelin  and  Hecht 
contained  a  great  number  of  small  crystals. 
•    3.  It  is  not  attracted  bji  the  magnet. 

II.  When  heated  in  an  open  vessel,  it  gradually  ab«  Oiidct. 
sorbs  oxygen,  and  is  converted  into  an  oxide.      Tung- 
sten  seems  capable  of  combining  with  two  different  pro- 
portions of  oxygen,  and  of  forming  two  different  oxides ; 
the  iiui  and  the  ytUow* 

1.  The  protoxide,  or  blue  oxide,  may  be  obtained   Protoxide. 
by  heating  the  yellow  oxide  for  some  hours  in  a  cover- 
ed crucible. 

It  is  formed  when  a  muriate  of  tin  is  poured  into 
a  solution  of  molybdate. 

£•  The  peroxide  or  yellow  oxide,  known  also  by  the  Peroiide. 
same  of  inngstic  acid*,  may  be  obtained  by  boiling 
three  parts  of  muriatic  acid  on  one  part  of  wolfram.  * 
The  acid  is  to  be  decanted  off  in  about  half  an  hour^ 
and  allowed  to  settle.  A  yellow  powder  gradually  pre- 
cipitates. This  powder  is  to  be  dissolved  in  ammonia, 
the  solution  is  to  be  evaporated  to  dryness,  and  the  dry 
mass  kept  for  some  time  in  «  red  heat.     It  is  then  jr^/- 


■!• 

*  The  tunj^itic  acid  of  Scheele  it  different  from  tliis  oxide.  It  is  a 
white  powder  of  an  acid  taste,  and  soluble  in  water.  The  D'jEIhuyarts 
hftTe  detnomtrated  that  it  is  a  triple  salti  composed  of  the  yellow  oxide 
of  tungsten,  potash,  and  the  «cid  employed  to  decompose  the  mineral 
iuta  which  it  is  obtained* 
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Book  I.      iow  oxide  in  a  state  of  purity  *•     This  oxide  has  no 

Division  I.  ...,,,.  ,  .       , 

V  taste.     It  IS  insoluble  in   water,  but  remains  long  sus- 

pended  in  that  liquid,  forming  a  kind  of  jellow  milk, 
which  has  no  action  on  vegetable  colours.  When  heat^ 
ed  in  a  platinum  spoon  it  becopics  green  ;  but  beiiDre 
the  blow-pipe  on  charcoal  i^  acquires  a  black  coloor. 
It  is  composed  of  80  parts  of  tungsten  and  20  of  oxygen. 
Its  specific  gravity  is  6*12.  ^ 
Union  with  m*  I*  ^^^  sulphuretof  tungsten  is  of  a  bluish  black 
rombmti*      colour,  hard,  and  capable  of  crystallizing. 

2.  Phosphorus  is  capable  of  combining  with  tung- 
sten f.  But  none  of  the  properties  of  the  phosphuret 
have  been  ascertained. 

F 

ly  •  The  simple  incombustibles  do  not  seem  capable  of 
uniting  with  tungsten. 
yUIoyi.  V.  The  Elhuyarts  alone  attempted  to  combine  tung- 

sten with  other  metals*  They  mixed  )00  grains  of  the 
metals  to  be  alloyed  with  50  grains  of  the  yellow  oxide 
of  tungsten  and  a  quantity  of  charcoal,  and  ht- ated  the 
mixture  in  a  crucible.  The  result  of  their  experiments 
is  as  follows : 


*  A  more  economical  proccs.*  for  procuring  tiil^  oxitle  has  been  pro- 
powd  i)y  Bijchoiz.  His  formula  i;*  asfdllows! :  Mix  one  part  of  wolfram 
in  fine  ])owder  with  t\v<;  parts  of  suh<ari>onrtc  rf  frf.ii,  .  fecop  the  mix- 
ture melted  in  a  crncihie  for  an  htur,  stirring  it  occasionally.  Then  pour  it 
inro  an  iron  covx,  Bcf'Tc  th'  mats  be  quite  cold,  reduce  it  to  powder, 
and  I'oii  water  <m  it  rtpe.itedly  till  the  liquid  ci>nies  off  tastelcfc.  Mil 
all  the  watery  solution*  tojjtthtr,  and  ]H)ur  muri.itic  acid  into  them  aslorg 
iis  any  precipitate  appears.  Wash  th«  precipitate  ;  dissolve  it  in  boiling 
carbonate  of  pota<.h,  precipitate  a|;ain  by  muriatic  acid,  wash  the  precipi- 
tate, and  dry  it  upon  fdtcring  paper.  It  is  pure  peroxide  oftungftcn. 
L-^ce  Join-.  J,-  dim.  iii.  220 

f  Pelletier,  Ann.  ce  Clim,  xiii   13^. 


1.  With  gda  It  did  not  melt  cotnpletelyv    Tftte  hxt^  Cfap.iy. 
^on  ^s^ijghed  139  grains.     By  cupellation  with  kad  the 
.^dld  was  reduced  to  its  orignial  purity.    With  pfetinnm 

it  refused  likewise  to  melt.     The  mass  obtained  weigh- 
ed 140  grains. 

2.  With  silver  it  formed  a  button  of  a  whitish-brotm 
colour,  something  spongy,  which  with  a  few  strokes 
of  a  hammer  extended  itself  easily,  but  on  continuing 
them  it  split  in  pieces*  This  button  weighed  142 
grains. 

3.  With  copper  it  gave  a  button  of  a  copperish  red, 
"wliich  approached  to  a  dark  brown,  was  spongy,  and 
pretty  ductile,  and  weighed  133  grains. 

4-  With  crude  or  cast  iron,  of  a  white  quality,  it  gave 
a  perfect  button,  the  fracture  of  which  was  compact, 
and  of  a  whitish  brown  colour  :  it  was  hard,  harsh^  and 
weighed  137  grains. 

5.  With  lead  it  formed  a  button  of  a  dull  dark  brown, 
with  very  little  lustre,  spongy,  very  ductile,  and  split- 
ting into  leaves  when  hammered;  it  weighed  127 
grains. 

6.  The  button  formed  with  tin  was  of^a  lighter  brown 
than  the  last,  very  spongy,  somewhat  ductile,  and  weigh- 
ed 138  grains.* 

7.  That  with  antimony  was  of  a  dark  brown  colour, 
shining,  something  spongy,  harsh,  and 'broke  in  pieces 
easily  :  it  weighed  108  grains. 

8.  That  of  bismuth  presented  a  fracture,  which,  when 
seen  in  one  light,  was  of  a  dark  brown  colour,  with  the 
lustre  of  a  metal,  and  in  another  appeared  like  earth, 
without  any  lustre  ;  but  in  both  cases  one  could  distin- 
guish an  infinity  of  little  holes  over  the  whole  mass. 


Bo^r.     "J^  Imtton  yiu  pretty  bard,  ht|3h,  and  weighed  CI 
■   grains. 

g.  With  maogaoesf^  it  gave  a  button  of «  dark  bluish* 
brown  colour  and  eafthy  aspect  |  andon  examiniogtk 
internal  part  of  it  with  a  lens,  it  resembled  impore  drcM^ 
()f  iron :  it  weighed  107  grains  ^. 


aatljiii  of  WaUram,  tmuiated  hf  Callqiyp.  59. 
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Cba^nr. 


CLASS   IV, 


REFRACTORY    METALS. 


ALL  of  the  metals  belonging  to  the  preceding  dass,  if 
vre  except  cobtlt  and  manganese,  are  so  difficultof  fusion^ 
that  it  has  been  impossible  to  procure  them  in  large 
masses,  but  merely  in  the  state  of  agglutinated  grains. 
The  remaining  metals  afe  still  more  refractory,  so  much 
so  indeed,  that  they  are  still  unknown  in  the  metallic 
state ;  their  oxides  only,  and  the  compounds  which  thej 
fcrm  with  other  bodies,  having  been  examined.  Per- 
haps titanium  may  be  an  exception ;  but  as  the  reduc- 
tion of  this  substance  to  the  metallic  state  is  still  some- 
^hat  doubtful,  it  was  thought  better  to  arrange  it  a« 
fQong  the  refractory  metals. 


< 


Baokr. 


SECT.  XXVI. 

OF    TITANIUM. 


KSitcT*  I.  Ik  the  valley  of  Menachan,  in  Cornwall^  there  is 
found  a  black  sand,  bearing  a  strong  resemblance  to  gun- 
powder. It  was  examined  in  J  78 1  by  Mr  Grcgor, 
who  found  it  composed  almost  eotirely  of  iron  and  the 
oxide  of  a  new  metal,  to  which  he  gave  the  name  of 
mcnachine  *.  He  attempted  in  vain  to  reduce  this  oxide 
to  the  metallic  state  ;  but  his  experiments  were  saS- 
cicnt  to  demonstrate  the  metallic  natuPo  of  the  suh- 
stanee^  and  to  show  that  it  contained  a  metal  till  then 
absolutely  unknown.  Tliis  cucious  and  ingenious  anSf 
lysis  seems  to  have  excited  but  little  attention,,  since  o^ 
body  thought  of  repcsding  it^or  of  verifying  the  cqucIq- 
sions  of  Mr  Gregor. 

But  in  171)5  Klaproth  published  the  analysis  of  f 
brownish  red  mineral,  known  to  mineralogists  by  the 
name  of  red  jLotL  He  found  it  entirely  composed  of 
the  oxide  of  a  peculiar  metal^  to  wbicli  he  gave  the 
name  of  titanium  f .  He  failed  indeed  in  his  attempU 
to  reduce  this  oxide ,  but  his  experiments  left  no  doubt 
of  its  metallic  nature.  On  examining  in  J  797  the  black 
mineral  analj-sed  by  Mr  Gregor,  he  found  it  a  compound 
of  the  oxides  of  iron  and  titanium  J.  Consequently 
the  analysis  of  Mr  Gregor  was  accurate,  and  his  mtra' 


♦  J}ur,  tie  Phys,  xxxix.  72.  and  1 5a.  •}  Bcltia-c,  j.  233. 

X  Ibul.  ii.  226. 


rhin&  is  the  same  with  titanium,  of  wliich  he  was  un-  Ch»y.IV.^ 
doubtedl\  the  original  discoverer.  The  term  titanitttn 
has  been  preferred  by  chemists^  on  account  of  the  great 
celebrity  and  authority  of  the  illustrious  philosopher 
who  imposed  it.  Klaproth's  experiments  were  repeat- 
edy  confirmed^  and  extended  by  Vauquelin  and  Hecht 
in  I'lQGf  who  succeeded  in  reducing  a  very  minute  por* 
tioo  of  the  oxide  of  titanium  to  the  metallic  state  *• 
They  were  repeated  also  and  confirmed  by  Lowitz  of 
Petersburgh  in  1798 1-  By  these  philosophers,  and  by 
Lampadius,  the  following  properties  of  titanium  have 
been  ascertained. 

1.  Lampadius  is  said  to  have  reduced  it  by  exposing 
tke  oxide  with  charcoal  to  a  violent  heat.  Its  colour  is 
that  of  copper,  but  deeper.  It  has  considerable  lustre* 
(t  is  brittle,  but  in  thin  plates  has  considerable  elasti- 
city.    It  is  highly  infusible  t* 

IL  When  exposed  to  the  air,  it  tarnishes,  and  is  easi*  Oiiden 
\j  oxidized  by  heat,  assuming  a  bine  colour.     It  deto« 
aate's  when  thrown  into  red  hot  nitre  $• 

It  seems  capable  of  forming  three  different  oxides; 
oamely,  the  blue  or  purple,  the  red^  and  the  white. 

}..  The  protoxide,  which  is  of  a  blue  or  purple  colour.  Protoxide, 
is  formed  when  titanium  is  exposed  hot  to  <he  open 
air,  evidently  in  consequence  of  the  absorption  of  oxy- 
gen. 

2.  The  deutoxide  or  red  oxide  is  found  native.     It  Da2toxi<k« 
is  often  crystallized  in  four^sided  prisms ;  its  specific 
gravity  is  about  4*2;  and  it  is  hard  enough  to  scratch 

glass.     When  heated  it  becomes  brown,  and  when  ur«. 


*  Jour*  de  Min.  No.  xv.  lo.  f  Crcll's  Afifialt,  1799, 1.  iS^. 

)  NichoUoo'i  J§yr.  vi.  62.         ,  $  Lampadius,  iI}kL 
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??*'•      gfd  by  a  very  violent  fire,  some  of  it  is  volttilitedi 

I      V     ■'    When  heated  sufficiently  along  with  charcoal,  it  is  re» 
duced  to  the  metallic  state. 

'"""■'^  3.  The  peroxide  or  white  oxide  may  be  obtained  bj 

fusing  the  red  oxide  in  a  crucible  with  four  times  io 
-weight  of  potashy  and  dissolving  the  whole  in  water. 
A  white  powder  soon  precipitates,  which  is  the  white 
oxide  of  titanium.  Vauquelin  and  Hecht  have  showa 
that  it  is  composed  of  89  parts  of  red  oxide  and  11  ptm 
of  oxygen. 

Umoa  whh       III.  1.  Titanium  does  not  seem  to  be  capable  of  coib* 

^^  bining  with  sulphur*. 

noqhattt.       2.  Phosphuret  of  titanium  has  been  formed  by  Mr 
Chenevix  by  the  following  process.     He  put  a  mixtme 
of  charcoal,  phosphate  of  titanium  (phosphoric  acid 
combined  with  oxide  of  titanium),  and  a  little  boraXy 
into  a  double  crucible,  well  luted,  and  exposed  it  to  the 
heat  of  a  forge.    A  gentle  heat  was  first  applied,  which 
was  gradually  raised  for  three  quarters  of  an  hour,  and 
maintained  for  half  an  hour  as  high  as  possible.     The 
phosphuret  of  titanium  was  found  in  the  crucible  in  the 
form  of  a  metallic  button.     It  is  of  a  pale  white  colonr, 
brittle,   and  granular;  and  does  not  melt  before  the 
blow.pipe+. 

ABoyi.  IV.  Vauquelin  and  Hecht  attempted  to  combine  ii 

with  silvtT,  copper,  lead,  and  arsenic,  but  without  suc- 
cess.    But  they  combined  it  with  iron,  and  formed  an 
alloy  of  a  grey  colour,  interspersed  with  yellow  colonr-  ^ 
ed  brilliant  particles.     This  alloy  they  were  not  able 
t«  fuse. 


f  Gregor.  i  NicholiOD's  7*vr.  v.  I34< 


COLUllBIUU. 


SECT.   XXVII. 


OF   COLU  MB  XUM. 


I.  iK^the  year  1802,  while  Mr  Hatchett  was  engaged  HUcory. 
in  arranging  some  minerals  in  the  British  Museum,  a 
dark-coloured  heavj  substance  attracted  his  attention, 
on  account  of  some  resemblance  which  it  bore  to  cbrom 
mate  of  iron.  The  specimen  was  small.  It  was  descri- 
bed in  Sir  Hans  Sloane's  catalogue  as  ''  A  very  heavy 
black  stone  with  golden  streaks ;"  and  it  appears  that  it 
was  sent  along,  with  various  specimens  of  iron  ores  to 
Sir  Hans  Sloane  by  Mr  Winthrop  of  Massachusets.  Its 
colour  was  a  dark  brown  grey ;  its  longitudinal  frac« 
ture  imperfectly  lamellated,  and  its  cross  fracture  show* 
ed  a  fine  grain.  Its  lustre  was  glassy,  and  in  some  parts 
slightly  metallic.  It  was  moderately  hard,  'but  very 
brittle.  By  trituration  it  yielded  a  powder  of  a  dark 
chocolate  brown,  not  attracted  by  the  magnet.  Its  spe- 
cific gravity,  at  the  temperature  of  65**,  was  5'918» 

By  an  ingenious  analysis  of  this  mineral,  Mr  Hat- 
chett ascertained  that  it  was  composed  of  one  part  oC 
oxide  of  iron,  and  rather  more  than  three  parts  of  a 
white  coloured  substance  which  possessed  the  proper' 
ties  of  an  acid,  and  exhibited  undoubted  proofs  of  beiflg 
composed  of  oxygen  united  to  a  metallic  basjip*  The 
properties  of  this  metallic  acid  will  be  described  hcfc* 
after. 

Mr  Hatchett  demonstrated,  that  it  differs  from  all  Iht 
metallic  acids  hitherto  examined;  of  course  ita 
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basis  must  be  also  peculiar,  and  required  a  distinct  nzisa, 
Accordingly  he  gave  it  ihe  name  of  columbium. 

Attempts  Various  attempts  were  made  to  reduce  this  acid  to 

the  metallic  state,  but  none  of  tliem  succeeded  com- 
pletely. A  portion  of  it  was  put  into  a  crucible  lined 
with  charcoal,  and  exposed  to  a  violent  heat  in  a  small 
wind  furnace  for  about  an  hour  and  a  half.  The  oxide 
was  found  in  a  pulverulent  state,  and  had  assi\meda 
black  colour. 

Mr  Hatchett  ascertained,  that,  like  most  of  the  other 
metals,  it  is  capable  of  combining  with  different  doses 
of  oxygen,  distinguished  from  each  6ther  by  their  dif- 
ferent colours  and  different  actions  upon  the  acids. 

Though  strongly  heated  with  sulphur,  it  showed  ao 
disposition  to  combine  with  the  substance,  or  to  fbrm 
a  sulphurct.  <. 

FJboipiuiret.  In  order  to  form  a  phosphuret  some  phosphoric  acid 
was  poured  upon  a  portion  of  the  white  oxide  ;  and  b^ 
ing  evaporated  to  dryness,  the  whole  was  put  into  a  cru- 
cible lined  with  charcoal.  It  was  then  exposed  for  half 
an  hour  to  the  heat  of  a  forge.  The  inclosed  matter 
was  sponj^v,  ar.d  of  a  dv\rk  brown  :  it  in  some  measure 
lestnjb'cd  |''msj>huret  ot  titanium  *» 

Ekchcrg  has  a»inounced  his  cyiinion,  that  this  metal 
is  the  snm'/  with  tungsten,  but  he  has  not  communicated 
tlic  t/xjeiimcnts  upon  which  this  opinion  is  foundedf* 
The  ore  of  rolumbium  was  reported  some  years  ago  to 
havf'  been  discovered  in  Switzerland,  but  we  do  not 
know  how  far  th  i*^  report  vvr<s  cor'cct. 


rili.  Trntj.  1 802.  f  Gchlcr/s  Jcur.  r.  348* 


CERXUK^ 


SECT.  XXVUL 


OF  CERIUM. 


Ik  the  year  1750  there  was  discovered,  in  the  cofiper  Hlitorj; 
nine  of  Bastnas  at  Ridderhytta,  in  Westmannland  in 
iweden,  a  mineral  which,  from  its  great  weight,  was 
iidr  some  time  confounded  with  tungsten^  This  mine- 
ral is  opaque,  of  a  flesh  colour,  with  various  shades  of 
Atensity,  and  very  rarely  yellow.  Its  streak  is  greyish 
white,  and  when  pounded  it  becomes  reddish  grey*  Ic 
is  compact,  with  a  fine  splintery  fracture,  and  fragments 
•yf  no  determinate  form ;  moderately  hard  ;  its  specific 
gravity,  according  to  Cronstedt,  4*P88  %  according  to 
Kllaproth  4*650  f,  according  to  Messrs  Hisinger  and 
Berzelius,  from  4*489  to  4*619  t*  This  mineral  was 
Erst  examined  by  M.  D'Elhu^ar  :  the  result  of  whose 
analysis  was  published  by  Bergman  in  1784  §•  It  as« 
certained  that  the  mineral  in  question  contained  no 
tungsten. 

No  farther  attention  was  paid  to  this  mineral  till  Kla* 
proth  published  an  analysis  of  it  in  1804,  under  the 
name  of  Ochroits  ||,  and  announced  that  it  contained  a 
new  earth,  to  which  he  gave  the  name  of  ocbroita.  He 
sent  a  specimen  of  this  new  product  to  Vauquelin,  who 
snade  a  few  experiments  on  it,  but  hesitated  whether  to 


*  Gehlen*s  /)«r.  ii.  305.  |  Ibid.  \  lbid..ij.  398. 

5  Opitic^  vi.  108.  11  GehleD*8  Jour,  ii.  aoj. 
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«??^*\    consider  ochroiu  as  an  earth  or  a   metallic  §xide^> 
Meanwhile  the  mineral  had  undergone  a  still  more 


« 


plete  examination  in  Sweden  by  Hisinger  and  Ben£- 
liusy  who  gave  it  the  name  of  aritf  detected  in  it  a  pe- 
culiar substance,  which  they  considered  as  a  metaDie 
oxide,  and  to  whicli  they  gave  the  name  of  cerium^  fmn 
the  planet  Ceres,  lately  discovered  bj  Piaxzi  f.  Bot 
the  attempts  of  these  chemists  to  reduce  the  supposed 
oxide  to  the  metallic  state  weie  unsuccessful.  Nor 
were  the  subsequent  trials  of  Gahn,  to  reduce  it  by  vi^ 
lent  heat  along  with  charcoal,  or  to  alloj  it  with  otlicr 
metals,  attended  with  greater  success  %•  Vauquelin  hsi 
re-examined  it  lately  ;  but  his  attempts  have  been  only 
partially  successful  j.  They  demonstrate^  however, 
that  the  substance  in  question  is  a  inetal ;  though  firoai 
its  refractory  nature,  and  its  volatility,  only  minute  glo- 
bules of  it  were  obtained. 
How  ob«  I-  To  obtain  the  metal,  the  combination  of  oxide 

of  cerium  with  tartaric  acid  was  mixed  with  some 
lamp-black  and  oil,  and  exposed  to  the  violent  heat 
of  a  forge  in  a  crucible  lined  with  charcoal,  and  in- 
closed in  another  tilled  with  sand.  Only  a  small  me* 
tallic  button  was  obtained^  not  exceeding  the  50th  part 
of  the  oxide  of  cerium  exposed  to  heat.  It  was  white, 
brittle,  dissolved  with  great  difficulty  in  nitro- muriatic 
acid,  and  proved  a  mixture  of  iron  and  cerium.  An- 
other attempt  to  obtain  the  metal  by  heating  its  tartrate 
in  a  porcelain  retort  was  not  more  successful.     Most 
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it  was  dissipated,  small  globoles  <mly  temaining^    Chiiy>nr>^ 
iich  proved  as  before  a  ihixtare  of  cerium  and  iron  *•    ^**v*™* 
,  I.  To  procure  oxide  of  cerium  in  a  state  of  puritj^  How  pt9^ 
die  Swedish  chemists  employee^  the  following  method :   ^ 
fbe  mineral  Was  reduced  io  H  fine  powder,  ini  digested 
in  nitric  add  till  every  thing  soluble  Wa4  taken  up* 
Hie  solution  being  decanted  off  is  evaporated  to  dry* 
■m,  and  the  residue  dissolved  in  water.     Iifto  this  so- 
IbtioD  ammonia  is  poured,  till  ^ery  thinig  precipitabU 
hf  me^s  of  it  is  thrown  down.     This  precipitate  be^ 
iog  well  washed  is  redissolved  in  nitric  a^id ;  the  tkad 
b  neutralized  ;  and  then  tartrate  d/pdtasbj'  is  ^dded  id 
the  solution.    The  precipitate  which  is  separated  being 
heated  to  redness,  and  well  washed  v^ith  trin^gari  and 
dtied^  is  pure  oxide  of  ceritim  %. 

1.  When  first  procured  it  hits  i  whlt^  colour,  but 
Wheh 'heated  to  redness  it  becomes  reddish  brown* 

2.  When  made  into  a  ptfste  with  oil,  and  heated  in  k   i^^ftfi^ 
Amreoal  crucible,  it  loses  weight.     When  urged  by  a 

Strong  fire  on  charcoal,  it  does  not  melt,  but  continil^ 
in  powder.  It  exhibited,  however,  brilliant  particlel^ 
tad  dissolved  in  milriatic  acid,  disengaging  at  first  sttl« 
|Aiareted  hydrogen,  and  afterwards  pure  hydfogen  gasf. 

3.  According  to  the  Swedish  chemists,  it  is  suseepti-  oMm^ 
ble  df  ^rious  degrees  of  oxidizement^     This  they  Coo* 
dude  from  the  various  colours  which  it  assumes  in  dif- 
ferent circumstances  j  namely^  white,  yellow,  red^ 
dark  brown.     That  it  contains  oxygen  thcfy  have 
dered  dianifest :  by  digcfsting  muriatic  acid  opofl  it»  • 
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I  Gchlen^i  J^mr.  ii.  49,.  $  Hivnger  and  BtrseUut,  Mif 
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portion  Is  driven  off  ia  the  state  of  oxymurlatic  %6i 
gas.  Vauqu'^'lin  considers  it  as  capable  of  two  states  q( 
oxidizement ;  the  protoxide  of  a  white  colour,  andtk 
peroxide  reddish  brown  *• 

4.  The  oxide  of  cerium  does  not  melt  bj  itself  j  \M 
when  treated  with  borax  before  the  blow-|>ipe,  it  mdtt 
readily,  and  swells.  The  globule  heated  hy  the  oitff- 
most  flame  assumes  the  colour  of  blood,  which,  bj  cooL 
ing,  parses  into  yellowish  green,  and  at  length  becooa 
colourless,  and  perfectly  transparent*  Melted  byib 
blue  flame,  these  changes  do  not  take  place  ;  the  gk 
bule  at  once  assuming  the  state  of  colourless  glaaf. 
These  phenomena  serve  to  distinguish  it  from  eTcrj 
other  metallic  substance. 

II.  Few  experiments  have  been  made  on  the  combi- 
iiations  of  cerium  with  the  simple  combustibles. 

1.  When  a  stick  of  phosphorus  was  put  into  asoti^ 
tioB  of  cerium  in  muriatic  acid,  and  kept  for  somed^ 
on  a  stove,  the  bottom  and  sides  of  the  vessel  were  a>> 
vered  with  a  white  precipitate,  and  the  phosphorus  was 
covered  witii  a  liard  brown  crust,  which  was  tenadonSi 
and  shone  in  tlic  dark.  When  heated  it  took  fire,  and 
left  a  small  quantity  of  oxide  of  cerium.  But  thisexp 
periment  did  not  succeed  when  repeated  J. 

2.  liydro-sulphurct  of  ammonia  throws  dowii  ccriofli 


*  Ann.  de  dim.  \\v.  46. 

f  llisingir  and  Bcrzclius,  ibid.  The  phenomena  described  bj  C^ 
proth  nn  dilTirtTit.  According  to  him,  borax  docs  not  diitsolve  theai- 
ide,  bu?  aiijiii-.cj!  from  it  a  brown  ycUow  colour.  Vauquclin  says  mere* 
ly,  th.it  ir  ti:'r{.«  borix  yellow,  and  that  the  globule  becomes  opaqpe 
when  situratcd  n-ith  the  o^idc. 

I  Hisingcr  and  Berzclius,  ibid. 


"*  ftt  first  of  a  brown  colour^  bat  it  becomes  deep  green  as     ghq*>  iv*^ 
^*  we  continue  to  add  the  reagents     The  precipitate  when 
^*  dried  becomes  bright  green.     When  heated  it  bums, 

and  leaves  the  yellow  oxide  of  cerium  ■;  but  the  colour 
'    of  the  precipitate  varies  according  to  the  state  of  the 

cerium  held  in  solution  *. 

III.  The  attempt  made  by  Gahn  to  unite  cerium  with 

lead  did  not  succeed,  and  hitherto  no  other  combination 
-  of  it  with  metals  has  been  tried,  if  we  except  the  alloj 
'"'  of  cerium  and  iron  obtained  by  Vauquelia. 


SECT.  XXX. 

GENERAL  ftSMARlCS. 


tVk  have  omitted,  in  die  preceding  sections,  t|^ 
.metallic  substance  discovered  by  Ekeberg,  and  announ- . 
ced  by  him  as  a  peculiar  metal  under  the  name  of  Tan-  TNtakoa 
talum  i  because  this  chemist  has  lately  published  an 
mcknowledgement  that  the  supposed  peculiar  oxide  wils 
in  reality  an  oxide  of  tin*     As  the  result  of  his  experi- 
ments  has  not  hitherto  been  published,  we  do  not  know 
the  real  constituents  of  the  nijnerals  to  which  he  gav« 
the  oames  of  tantalite  und  jttrotafftaiiie. 

.The  object  of  the  preceding  Sections  has  been  to 
describe  the  properties  of  the  meuls,  and  to  examine 
the  compounds  which  they  form  with  oxygen,  with 
simple  combustibles,  and  with  eacli  other*    It  will  be 


•  Hianger  and  Berzelius,  Ibid.  With  VatqaeUn  the  renUt  wi^ 
different  The  precipitate  which  he  obtained  ««•  whkr,  and  contaiaed  ao 
eupaiiieicd  h^droveUi 
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Book  I.     attended  wilh  coniiderable  advanUge  to  exhibit*^ 
■                noptical  view  of  the  mott  remarkabic  of  tbeie  pn^ 
^r                          tics  and  combinations.     This  wiU  be  tbebusiomafAt 
^H                        present  Section. 

^M      Jj;^"         I-  The  principle  properties  of  the  luctali,  tfat* 
^H      tall.            Ihey  have  been  ascertained,  will  be  found  in  the  foUo*- 
■                         ine  Tabic: 

1 

M«*k              CahlT. 

HTd.       Sp.  0„.  II    "*'«'''*"■    II            1 
.11,.     ||,.,„„         Wrfucll 

Hold        Yellow 

6-5           I9-J61II     _               32     IIJ5IW 

Pl.l.          While 

a               23-000 II     —           l-0+||21«l 

Silver       While 

7               10-51011    —              22     lllSrl- 

Mer.          White 

0               13-50911—39             —     U     - 

hll.d.      While 

9+          11-87111     -           100+11              1 

Rhod.       While 

11-+   II   -       iuo+il          1 

Irid.           White          1              1 

—     1  100+11        !  1 

Dm.         Blue            |              | 

-     1  100+11        i  1 

Copper     Red 

--5             8-Se5||     —            27       I|30S-al 

Iron         1  Grey 

9               TS      II    —          158      ii51P-::] 

Nickel   1  While 

8-.S            9-06fl||     —          leo+fl            j 

Nicol.       Grey 

8-0      «                                  II            I 

I'm            While 

6                 T299||442                

U.-0 

Uad          Blue 

3-5           11-35'.;||513                

1  1.-1 

Zinc          White 

0-5           0-801 11680              —     ||  18-2 

BiM.1.        Red  wlmc 

7           1      »-B22||470                _     II   20-1 

Aoiim.  1  Gr.  white 

0.5       1      to-712i|810        1        17 

rellur.     HI.  while 

0-115||012+   1       _     II 

Arsen.       Bl.  whue 

5                 B-31    11400+   1       11 

Cobali      Grey 

0                 7-7      II     —       1   130       II 

Mftitg.       Grey 

9                 6-S50II     —       1   16U      II 

Chro.        White 

5-90 

-       1    170+II 

U..n.        l,™.grey 

9-000 

-       1   170+11 

Molyb.      Y.  white 

8-01111     —          170+11 

rung.       Gr.  while 

g+         17-0      II    _        170+11 

tiuu.       Red. 

II  -     1  no+J 

Colum. 

II     -       1   170+11 

Ceri.         While 

1                 II     -       1  170+11 

■ 

L 

/ 
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IT.  All  the  metals  are  capable  of  combining  with 
•S/gen ;  and  this  property  constitutes  one  of  (heir  most    < 
Striking  characien.     This  combination  takes  plsce  in  a 
VKriely  of  circumsiances. 

t.  Some  mcials  absorb  it  from  the  atmosphere,  and  | 
gradually  crumble  into  a  powder  when  left  exposed  to 
the  open  air.  Arsenic,  manganese,  and  iron,  are  the 
only  metals  known  at  present  to  possess  that  propert;v'. 
TTie  effect  ts  not  proportional  to  the  aiEnily  of  the  me- 
tals for  oxygen,  but  is  owing  to  the  combined  action 
-■  of  a  variety  of  agents.  The  air,  water,  and  carbonic 
mad,  are  the  most  conspicuous  of  these.  Most  metals, 
when  they  are  left  exposed  to  the  air,  lose  their  bril- 
liancy, which  can  only  be  preserved  by  frequent  clean- 
ing. They  are  then  said  to  be  tamishrd.  This  tar« 
nish  is  supposed  at  present  to  be  a  commencement  of 
oxidizemeni ;  and  the  tenacity  of  the  metal  is  consider- 
ed as  the  reason  why  it  proceeds  no  farther  than  the 
surface.  Gold  and  platinum  are  not  liable  to  tarnish) 
neither  is  mercury  in  a  perceptible  degree.  Silver  tar- 
nishes not  from  oxidizemeni,  but  from  the  action  of 
sulphur. 

2,  When  the  metals  are  heated,  their  combinalioo 
with  oxygen  is  much  facilitated.  This  is  ascribed  at 
present  to  the  effect  of  heat  in  diminishing  the  cohe- 
sion of  (he  metallic  particles.  If  the  heat  be  sufficiently 
high,  it  appears  that  all  metals  are  oxidized  more  or  ^ 
less.  The  metats  when  sufficiently  heated  take  fire,  and  < 
bum  with  more  or  less  brilliancy.  Arsenic  is  the  most 
combustible  of  the  metals  ;  then  comes  zinc.  Anti- 
mony and  bismuth  likewise  bum  at  a  red  heat,  but 
with  little  brilliancy.  Tin  has  a  more  brilliant  com- 
biutioQ.     Iron  requires  a  white  beat,  but  it  bums  wi(h 
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Book  !•     great  splendour.     The  combustibilitj  of  the  remaiBaj 
I      u  metals  is  much  inferior  to  these.     Wheo  fnetals  bDii| 

they  always  combine  with  a  determinate  quantity  cC 
oxygen.  Some  metals,  as  iron  and  arsenic,  are  cs^ 
ble,  after  combustion,  of  imiting  with  more  o^gca; 
while  others,  as  zinc,  antimony,  and  bismuth,  combiM 
during  combustion  with  a  maximum  of  oxygen* 
Brdeconif-  ^*  ^^^^  metals  have  the  property  of  taking  oxygci 
^•iag  w»-  from  water  when  the  action  is  assisted  hy  beat.^  Ziv^ 
iron,  tin,  and  antimony,  are  the  only  metals  hitherto  ex* 
amined  which  have  that  property.  Wheo  they  sn 
heated  to  redness,  and  steam  passed  over  them,  they 
are  oxidized,. while  hydrogen  gas  is  evolved* 

4..  Metals  vary  exceedingly  from  each  other  in  tbe 
proportion  of  oxygen  with  which  thejr  are  capable  of 
combining ;  but  in  everj  particular  metal  the  dMS 
seems  determinate.  Most  metals  have  likewise  a  ai*. 
nimum  of  oxygen  with  which  they  unite,  and  in  sevenl 
there  are  one  or  more  states  of  oxidizement  equally 
well  determined  between  the  protoxide  and  peroxide; 
while  in  others  no  such  determinate  intermediate  states 
can  be  discovered. 
Table  of  The  following  Table  exhibits  a  view  of  the   number 

oxides!*^  ^f  oxides  known  to  be  formed  by  each  metal,  of  the 
colour  of  each  when  known,  and  of  the  proportion  of 
oxygen  united  to  100  of  metal  by  weight,  which  coosti« 
tutes  each  particular  oxide* 
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1  «?"'•• 


'fi 

« 


i  Gold 


e. 


V  Platin. 


I  Silver 


4  Mercury 


Pallad. 

Rhod. 

Iridium 


mium 


Copper 


1 

2 


Blue? 
Red? 


Iron 


ickel 


Niccola. 


Tiu 


Lead 


1 

2 

1 

o 

1 

2 
3 

1 

2 

3 
4 


Green 
Black 


Blue 
Black 


28 


Grey- 
White 


Yellow 

Red 

Brown 


25 

38-8 


8 

13'6 
25 


iMctali. 


Zinc 


o 

:g     Colour. 


Bism. 


Antim. 


1 

2 
P. 

1 

2 


Tellur. 


Yellow 
White 


M 

o 


Yellow 


Arsenic 


Cobalt 


P. 

I 
1 

2 
t3 


White 
White 


13-6 
25'0 


12 


White 


White 
Acid 

Blue 

Green 

Black 


22*7 
30 


33 
53 


i 


Mangan. 


■ 


Chrom. 


25 


Uran. 


2 
3 

1 

2 

li 

1 

2 


White 
Red 

Black 


Green 

brown 
LRed 


25 
35 


200 


Black 
Yellow 


Molyb. 


Tungst. 


1 

2 

3 
4 


Brown 
Violet 
Blue 
White 


5-n 
2«^-o 


Titan. 


Colum. 


1 

2 

1 

o 


p. 


34 
50 


Black 
Yellowl 

Blue 
Red 
White 


r25 


16 
33 
49 


Cerium 


White 


I  White 
2 'Red 


The  letter  P,  in  the  tecoad  co* 
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B^  fr         5.  From  this  Table,  it  appears  that  tbe  metals,  «Ht 

Divifioii  L  • 

'    •  ,  i^  f  rcftpiect  to  the  quantitj  of  qxjfen,  which  they  ve  tqv 

UJJJJ!^    ble  of  condensing,  observe  the  following  or4er ; 

^^^Vf  Chromium 200 

*^**  Iron....... 92-S 

Manganese •  66 

Arsenie  ., 4  53 

Tin.,,...., ,  3?$ 

Antimony 30 

"i^inc fS 

Copper    .f 25 

Lead... ,...  25 

Tungsten  .•••••...  25 

Mercury., 17^6^ 

Platinum ..••  15 

Silver  « J2*i 

Bisi^uth  .••••,..•  12 
y/ttt  we  to  suppose  with  ^erthoUet,  that  the  affioityof 
these  bodjes  for  oxygen  i^  proportional  to  the  quantitj 
pf  that  principle  which  they  a^e  capable  of  condenung, 
without  acquiring  acid  properties,  in  that  case  the  pre- 
ceding Table,  omitting  chromium,  arsenic,  and  tang- 
9ten,  would  indicate  the  prder  of  the  affinities.  3ot 
there  are  many  circumstances  which  militate  against 
this  supposition*  Probably,  indeed,  the  comparison  is 
optfairy  unless  the  metals  compared  are  oxidized  in  the 
^bed^duT'  ^^^^  circumstances,  and  by  the  same  agents.     For  cx- 

Singcoui.  ample,  when  th^  seven  most  combustible  metals  are  e:|- 
posed  to  a  strong  heat,  they  take  fire,  and  unite  witl^ 
pxygen  in  the  following  proportions  : 

Ircn  , 37 

Arsenic. ...••».  33 


Ai>tiinoii7.........30 

Tia S5  f 

Zinc 25 

KuBOth 13 

Z^id 8 

e  the  circumstances  being  ilie  same,  it  is  more  pro* 
ble  that  the  dose  bears  some  relation  to  the  affinity 
^r  oxygen.     When  the  same  metals  are  exposed  to  the    > 
action  of  nitric  acid,  they  combine  with  different  doses   i 
of  oxygen,  but  follow  not  with  standing  nearly  the  same 
order,  3i  is  obvious  from  the  following  Table  : 

Iron 92 

Arsenic 53 

Antimony. ...,,  30 

Tin  38-0 

^^  Zinc 25 

^^L  Bismuth  J£ 

^^<  Lead 

^"^  5.  The  metallic  oxides  differ  very  considerably  from  1 
.each  other.  The  greater  number  ofihem  are  tasteless  " 
pornders  ;  but  some  of  them  are  acrid,  and  others  have 
eyen  the  properties  of  acids.  The  peroxides  of  mercu- 
ry and  osmium,  and  the  protoxide  of  arsenic,  are  sala- 
ble in  water.  The  peroxides  of  arsenic,  chromium, 
iqolybdenum,  tungsten,  and  columbium,  belong  to 
the  class  of  acids.  Il  was  formerly  the  opinion  of 
chemists,  that  all  metals  are  susceptible  of  acidificatioa 
by  combining  them  with  a  sufGcient  quantity  of  oxy- 
gen i  but  subsequent  experience  has  not  confirned  this 
opinion. 

6.  When  heat  is  applied  to  the  peroxides,  they  give  ' 
out  a  portion,  or  the  whole,  of  their  oxygen  :  but  In  this 
respect  ihey  differ  exceedingly  from  each  other.    A  tao- 
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derate  heat  reduces  the  oxides  of  gold,  ^atinnm,  tilfcry 
mercur jy  and  nickel>  to  the  metallic  stale ;  and  the  saae 
thing  ivould  happen  also  to  the  oxide  of  lead,  were  it 
not  so  susceptible  of  melting  into  a  glass.  The  other 
metals  require  a  violent  heat,  and  are  but  imperfectly 
reduced.  Were  we  to  arrange  them  according  to  the 
difficulty  of  separating  their  oxygen  hy  heat,  the  metab 
would  assume  an  order  not  ▼erj  difierent  from  the  foU 
lowing  * : 

ic  Chromittih 

13.  Bismuth 

14.  Lead 

15.  Copper 
Id*  Tellurium 
17.  Nickel 

16.  Platinum 
IQ.  Palladium 
80.'  Mercury 

21.  Silver 

22.  Gold 


1.  Refractory  metals 

2.  Manganese 

3.  Zinc 

4.  Iron 

5.  Tin 

6.  Uranium 

7.  Molybdenum 

8.  Tungsten 
0.  Cobalt 

10.  Antimony 

11.  Arsenic 


Union  with 
combttfti- 


Itioiphii* 
rets. 


III.  Of  the  four  simple  combustibles,  there  is  one, 
namely  carbon,  which  has  been  hitherto  combined  only 
with  one  of  the  metals,  iron. 

1.  Hydrogen  gas  dissolves  arsenic,  zinc,  and  iron,  and 
holds  them  suspended  seemingly  in  the  metallic  state. 

2.  Phosphorus  combines  ^ith  most  of  the  metals  hi- 
therto tried.  The  metalhc  phosphurets  have  been  ap. 
pjied  to  no  use.  Most  of  them  have  tlie  metallic  lus- 
tre, and  all  of  them  arc  brittle,  except  those  of  tin,  lead, 


*  Vauqudin,  Patriu*s  JJfiVr^rWcyy,  v-  189. 
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xwid  zinc.     The  phosphorus  may  be  czpelied  by  heat    Cln^lV. 
£  Xhe  following  Table  exhibits  a  view  of  the  proportion 
I'ot  phosphorin  united  to  100  parts  of  the  metals  in  the 
;.  phosphurets  hitherto  examined. 

Silver 25 

,  Copper ••••••25 

fi  Iron 25 

Tin • 25 

Nickel 20 

Lead 15 

Cobalt 7 

Gold • 4*3 

Bismuth 4 

3.  More  attention  has  been  paid  to  the  metallic  sul-  8ii]|linm». 
phurets,  because  they  occur  often  native,  and  have  been 
applied  to  a  variety  of  useful  purposes.  Sulphur  unites 
in  different  proportions  with  some  of  the  metals.  The 
following  table  exhibits  a  view  of  the  colour  and  speci- 
fic gravity  of  the  sulphurets,  and  of  the  proportion  of 
sulphur  combired  in  each  with  lOO  of  themeta)|  as  far 
as  the  point  has  been  ascertaii^ed. 
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Colour. 

ipetm, 
gr.viij. 

ehm. 
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i.okior. 
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Gold 
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Leaden 
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Black  .- 

gty 

T2 
10 

1T6 
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1.  Black 

2.  Red 

Tdlur. 

Leaden 

Pallid. 

While 
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Arsenic 

1.  Red 
J.  Yell. 

3-225 
5-315 

25 

43 

Rhod. 

While 

Cobalt 

Yellow 

391 

[rid:  am 
Oimium 

Un- 
known 

iVU„g.„ 
(Jhrom, 

Un- 
known 
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The  metals  are  capable  of  taking  sulphur  from  each 
other  when  assisted  by  heat.  They  all  follow,  in  ihit 
retpect,  a  deierintnale  order.  Thus  iron  is  capable  of 
depriving  lead,  antimony,  silver,  and  mercury,  of  sul- 
phur ;  but  neither  lead  nor  any  of  the  other  metaU  can 
decompose  the  sulphurcl  of  iron.  The  following,  ic- 
cording  to  Bergman,  is  the  order  that  the  metals  follow 
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ia  depriving  each  other  of  sulphur ;  every  metal  being    Clip.lV^^ 
understood  to  be  capable  of  decomposing  the  solpborets 
of  all  the  metals  that  follow  it  in  the  column. 

1.  Iron  C.  Bismuth 

2.  Copper  7«  Antimony 

3.  Tin  S.  Mercury 

4.  Lead  9.  Arsenic 

5.  Silver  10.  Molybdenum 

1 V.  Almost  all  the  metals  are  capable  of  combining  iu^f^ 
vnth  each  other,  and  of  forming  alloys;  many  of  which 
are  of  the  greatest  utility  in  the  arts.  This  property 
was  long  reckoned  peculiar  to  metals,  and  is  at  present 
one  of  the  best  criterions  for  determining  the  metallic 
nature  of  any  substance.  Much  is  wanting  to  render 
the  chemistry  of  alloys  complete.  Many  of  them  have 
never  been  examined  ;  and  the  proportions  of  almost 
all  of  them  are  unknown.  Neither  has  any  accurate 
method  been  yet  discovered  of  determining  the  affinities 
of  metals  for  each  other.  These  alloys  are  much  bet* 
ter  known  to  artists  and  manufacturers  than  to  chemists: 
But  an  examination  of  them,  guided  by  the  lights  which 
chemistry  is  now  able  to  furnish,  would  undoubtedly 
contribute  essentially  to  the  improvement  of  some  of 
the  most  important  branches  of  human  industry. 

Their  most  interesting  qualities, in  an  economical  point 
of  view,  are  their  brittleness  or  malleability;  while 
the  change  of  bulk  which  they  undergo  during  their 
combination  is  of  considerable  importance  to  the  che« 
mist.  The  three  following  tables  exhibit  a  view  of  TUbled 
these  properties,  as  far  as  ascertained  in  all  the  metallic  ^  sUo|^ 
alloys.  The  first  comprehends  the  alloys  of  the  fl(ial« 
leable  metals  with  each  other ;  the  second,  the  alloys 
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of  the  brittle  metals;  and  the  third,  tbe  alloys  of  tk 
malleable  with  the  brittle  metals  *. 


*  In  thetc  tables,  tlie  letter  M  ugnifics  malleabJe;  B, brittle;  S,ii1ait 
leible,  Uiied  when  the  alloy  i%  malleable  in  certain  prQp«)rtioD9,  b«t  boh 
tic  in  othera.  O  i^  used  when  the  mctaU  do  not  unite.  The  «gn^* 
is  used  when  the  allny  occupies  a  greater  bulk  than  the  sei^orate  mth 
tals }  tho  sifu  — ,  when  the  alloy  occupies  a  lOuUcr  bitlk.  Tbe  iot 
indicates  an  expansion,  the  second  a  condeniatioa. 


I.  Malleable  Metals. 
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X  HE  substances  described  in  the  preceding  Chapters 
are  of  such  a  nature  that  thej  can  be  collected  together 
in  quantities,  and  retained  and  confined  in  proper  ves- 
selsy  in  order  to  be  subjected  to  the  test  of  experiment, 
and  examined  with  accuracy.    But  the  substances  which 
are  now  to  occupy  our  attention  are  very  different. 
We  have  no  method  of  collecting  and  retaining  them 
till  we  submit  them  to  our  examination.     They  are  of 
too  subtile  a  nature  to  be  confined  in  our  vessels,  and 
have   too  strong  an  affinity  for  other  bodies  to  remain 
a  moment  in  a  separate  state.      These  peculiarities 
have  rendered  the  investigation  of  them  particularly 
intricate^  and  have  given  birth  to  a  great  many  theories 
and  hypotheses  concerning  them,  which  have  been  sup* 
ported  with  much  ingenuity  and  address  by  several  dis- 
tinguished philosophers*     The  number  of  them  which 
are  at  present  known,  or  supposed  to  exist,  amounts  to 
four ;  namely.  Light,  Heat,  Electricity,  and  Magne- 
tism :  But  the  last  of  these  is  scarcely  at  present  con* 
aidered  as  belonging  to  chemistry;  and  the  thirdlpro- 
r#/.  /.  .  C  c 
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_^^'«.    pose  to  consider  in  a  separate  work.     I  shall  therefore 
<■     ^      >    confine  mjself  to  the  first  two  bodies,  which  I  sbal 


consider  in  the  following  Chapters.  Their  intimite 
connection  with  comiustian,  the  most  iaiportant  probleo 
in  chemistry,  has  procared  them  the  highest  attention, 
and  rendered  the  investigation  of  their  properties  the 
most  interesting  part  of  diemittrj.  Let  us  begin  widi 
the  consideration  of  iigbt,  because  its  nature  has  hcok 
more  completelj  exaoiined  than  that  of  heal,  and  in 
properties  ascertained  with  greater  precision. 


CuKp*  I* 
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OP   LIGHt. 


l^EKt  person  is  acquainted  with  the  light  of  the  surt^ 
the  light  of  a  candle,  and  other  burning  bodies;  and 
every  one  knows  that  it  is  bj  means  of  light  thslt  bodies 
^e  rendered  visible. 

Concerning  the  nature  of /iti'  light,  twcf  different  th^-  SSf^^ 
dries  have  been  advanced  by  philosophers.  Hiiygens 
{Considered  it  as  a  subtle  flilid  filling  space,  and  render- 
ing bodies  visible  by  the  undulations  into  which  it  is 
thrown.  According  to  his  theory,  When  the  siin  rises 
it  agitates  this  fluid,  the  undulations  gradually  extend 
themselves,  and  at  last,  striking  against  our  eye,  we  set 
the  sun.  This  opinion  of  Huygerls  tvras  adopted  also 
by  Euler,  who  exhausted  the  whole  of  his  c^nsumtiiatd 
itoathematical  skill  in  its  defence. 

The  rest  of  philosophers,  with  Newton  at  theif  head^ 
consider  light  as  a  substance  consisting  of  small  partis 
eles,  constantly  separating  from  luminous  bodies^  tho« 
ving  in  straight  lines,  and  rendering  bodies  lufninous  by 
passing  from  them  and  entering  the  eye.  Newtdn  es- 
tablished this  theory  on  the  firmest  basis  of  mathemati- 
cal demonstration  ;  by  showing  that  all  the  phenomena 
•f  light  may  be  mathematically  deduti^  from  it.    Htiy^ 

Cc2 


gens  and  Eoler,  on  the  contnrj.  Attempted  to  leppitf 
their  hypotheses,  rather  by  stirting  objectioot  to  Ai 
tjieorj  of  NewtoB,  thM  bj  Magiag  Ibrwud  dinrt 
proofii.  Their  objections,  even  if  valid,  instead  of  cils> 
blishing  their  own  opioiodi^  UPonld  prove  only  Aat  Ai 
phenomena  of  light  are  not  completely  andecaloodii 
truth  which  no  man  will  lefiise  to  ackAowledgi^  wfeU* 
ever  side  of  the  question  he  adopts.  Newton  and  tm 
disciples,  on  the  contraij,  have  shown^  that  the 
phenomena  of  light  are  mcomsisietU  with  the 
tions  of  a  fluid,  and  that  on  such  a  suppottticm  thciesM 
.  )te  no  such  thmg  as  darknem  at  all.  Tii^.  haveibl 
brought  forward  a  great  nunAcr  of  direct  srgnma^ 
whtcb  it  ba»bten  impossible  tp  anawec,  in  aopfottd 
their  theory.  The  Newtonian  theory  tihecelbce  ip  mA 
more  probjsble  than  the  other».  Taking  it  fat  gaaifk 
then,  that  light  is  constantly  moviog,  in  atmigjlit  UM 
firem  luminous  bodies,  let  ne  proceed  to  '^^r***?*  iH 
properties. 
lUTBlooitj.  X.  It  was  first  demonstrated  by  Roemer  %  a  DaniA 
philosopher^  that  light  takes  about  eight  minutes  ia 
moving  across  one  half  of  the  earth's  orbit  ^  coaseqnait* 
ly  it  moves  at  the  rate  of  nearly  200,000  miles  ia  a 
second.  The  discovery  of  Koemer  has  been  still  tu* 
ther  confirmed  and  elucidated  by  Dr  Bradley  *a  very  ia- 
genious  theory  of  the  aberration  of  the  light  of  the  fifr 
ed  stars  f  •  ^ 

Siseofltt         2*-  ^^°^  ^^^*  astonishing  velocity  we  are  enabled  ts 
ptrtlcki.      form  some  notion  of  the  size  of  the  partides  of  light.. 
Mechaanical  philosophers  have  demonstrated^  that  the 
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ilh  which  a  body  strikes  another  depends  upon  Ch^.  1.^ 
Hts  size  and  the  velocity  with  which  it  moves.  A  24 
pound  ball,  if  thrown  from  the  iiand,  makes  no  impres- 
sion upon  a  common  wall ;  but  when  discharged  from 
a  caunon  with  the  velocity  of  1300  feet  in  a  second,  it 
will  shatter  the  wall  to  pieces.     The  greater  the  velo-  | 

«ity  therefore  with  which  a  body  moves,  the  greater 
the  effect  which  it  is  capable  'of  producing.  Conse- 
quently to  produce  any  effect  whatever  by  a  body,  how- 
ever small,  we  have  only  to  increase  its  velocity  sufH- 
cienlly  ;  and  in  order  to  prevent  a  body  from  producing 
a  given  effect,  its  quantity  must  be  diminished  in  pro- 
portion as  its  velocity  is  increased.  Now  the  velocity 
of  light  is  so  great,  that  if  each  of  its  particles  weighed 
the  1000th  part  of  a  grain,  its  force  would  be  greater 
than  that  of  a  bullet  discharged  from  a  musk.el.  Were 
it  even  the  millionth  part  of  a  grain  in  weight,  il  would 
destroy  every  thing  against  which  Jt  struck.  If  it  even 
V^eighed  the  millionth  part  of  that,  it  would  still  have  > 
very  sensible  force.  Bui  how  much  less  must  be  the 
weight  of  a  particle  of  light,  which  makes  no  sensible 
impression  upon  so  delicate  an  organ  as  the  eye  ?  We 
are  certain,  then,  that  no  particle  of  light  weighs 
T.;nn7,TreE.^inT.5Tr.=th  of  a  grain;  tut  were  we  even  to 
suppose  it  of  that  size,  the  addition  of  900  millions  of 
particles  to  any  body,  or  their  abstraction,  would  make 
no  difference  of  weight  capable  of  being  detected  by  the 
most  sensible  balance.  Every  attempt  then  to  ascer- 
tain the  accumulation  of  light  in  bodies  by  changes  in 
their  weight. must  be  hopeless. 

3.  While  a  ray  of  light  is  passing  ihrough  the  same    RcfnctiMj, 
^jjicdium,  or  when  it  passes  perpendicularly  from  one 
k^BKdium  to  another,  it  continues  to  move  without  chao- 
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giog  its  direction ;  but  when  it  passes  obliquely  tnm 
poe  medium  to  another  of  a  diJFerent  density,  it  slwiji 
)>ends  a  little  from  its  old  direction,  and  assumes  a  new 
one.  It  is  then  said  to  be  refracted^  When  it  pasaei 
into  a  denser  medium,  it  b  refracted  towards  the  pQ> 
pendi^ular  \  but  when  it  passes  into  a  rarer  medioiOy  it 
is  refracted  from  the  perpendicular.  In  general,  tk 
quantity  of  refraction  is  proportional  to  the  density  of 
the  medium  \  but  if  the  medium  be  coi^bustible,  the 
refraction  is  greater  than  it  would  otherwise  be  V  ]| 
the  same  medium  the  sines  of  the  angles  of  incideoce 
and  of  refraction  h;^ve  always  the  same  ratio  to  eadi 
other* 

4,  When  a  ray  of  light  enters  a  transparent  medinm, 
as  a  plate  of  glass,  with  a  certain  obliquity,  it  continoei 
to  move  on  till  it  comes  to  the  opposite  surface  of  the 
glass ;  but  then,  instead  of  passing  through  the  glass^ 
it  bends,  and  passes  out  agsin  at  the  same  surface  it 
which  it  eniered  ;  just  as  a  ball  would  do  if  made  to 
strike  obliquely  against  the  floor.  The  ray  is  then  said 
to  be  reflected.  Tlie  angle  of  refl  ction  is  always  fqnal 
to  the  angle  ol  incidence.  When  the  surface  of  a  me- 
dium is  polished,  as  glass  or  mirrors,  oblique  rays  do 
not  enter  ihcm  at  all,  but  are  reflected  when  they  ap- 
proach ihesurlace  of  the  body.  All  surfaces  are  capv 
ble  of  reflecting  a  greater  or  smaller  nuntber  of  oblique 
lays.     Rays  are  only  lefltcted  at  surfaces. 

5.  When  a  ray  of  light  passes  within  a  certain  dis- 
tance of  a  body   parallel  to  which  it  is  moving,  it  ii 


•  Ft  was  th'-  Icnowlcdgo-  of  this  law  that  led  Ncvxton  r©  fuspect  the 
diamond  to  be  c  nibufctibie,  and  water  tu  comain  a  combustible  irpt- 


116HT.  407 

1)cnt  towards  it.  Thu$  if  &  ray  of  light  be  let  into  a  .  Ch^L 
^ark  room  through  a  small  hole  in  the  window  shutter, 
wad  received  upon  paper,  it  will  form  a  round  luminous 
spot.  If  two  pen  knives,  with  their  edges  towards  each 
other,  be  placed  on  opposite  sides  of  the  hole,  and  made 
to  approach  each  other,  the  luminous  spot  will  gradu- 
alij  dilate  itself  on  the  side  of  the  knives,  indicating 
that  those  rays  which  pass  nearest  the  knives  have  been 
drawn  from  their  former  direction  towards  the  knives. 
^Pbis  property  of  light  is  called  inflection. 

6.  The  ray,  when  its  distance  from  the  body  parallel   I>«fl€ctum; 
to  which  it  moves  is  somewhat  greater,  is  htntjrom  it. 

It  is  then  said  to  be  deflected, 

Newton  has  demonstrated,  that  these  phenomena  are 
owing  to  the  attraction  between  light  and  the  medium 
through  which  it  is  moving,  the  medium  towards  which 
it  is  approaching,  or  the  bodies  in  its  neighbourhood. 

7.  Some  substances,  as  water,  are  transparent,  or  al-   Opacity 
low  light  to  pass  freely  through  them  ;  others,  as  iron,   ptreucy. 
are  opaque,   or  allow  no  light  to  pass  through  them. 
Now,  it  can  scarcely  be  doubted  that  the  component 
particles  of  all  bodies  are  far  enough  distant  from  each 

other  to  allow  the  free  transmission  of  light ;  conse- 
quently opacity  and  transparency  must  depend,  not  up- 
on the  distance  of  the  particles  of  bodies,  but  upon 
something  else.  Newton  has  shown,  that  transparency 
can  only  be  explained  by  supposing  the  particles  of 
4ransparent  bodies  uniformly  arranged  and  of  equal 
density.  When  a  ray  .of  light  enters  such  a  body,  be- 
ing attracted  equally  in  every  direction,  it  is  in  the  same 
•state  as  if  it  were  not  attracted  at  all,  and  therefore  pas- 
ses through  the  body  without  obstruction.  In  opaque 
bodies,  on  the  contrary,  the  particles  are  either  not  oni- 
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formlj  arranged,  or  tbey  are  of  unequml^density .  Hence 
the  ray  is  unequally  attracted,,  obliged  constantly  to 
change  Its  direction,  and  cannot  therefore  make  its  waj 
through  the  body. 

8.  When  a  ray  of  light  is  made  to  pass  through  s 
triangular  prism,  and  received  upon  a  sheet  of  white 
paper,  the  image,  or  spectrum  as  it  is  called,  instead  of 
being  circular,  is  oblong,  and  terminated  by  semicsrco^ 
lar  arches.     In  this  case  the  refraction  of  light  is  in- 
creased considerably  by  the  figure  of  the  prism.    Cc% 
sequently  if  light  consists  of  a  congeries  of  rays  differ- 
ing in  refrangibility,  they  will  be  separated  from  each 
other :  the  least  refrangible  occupying    the  luminous 
circle  which  the  ray  would  have  formed  had  it  not  been 
for  the  prismatic  form  of  the  glass ;  the  others  going  to 
a  greater  or  smaller  distance  from  this  circle,  accord- 
ing to  their  refrangibility.     The  oblong  figure  of  the 
spectrum  is  a  proof  that  light  consists  of  rays  differeot- 
ly  refrangible  :  and  as  the  spectrum  exhibits  seven  co- 
lours, these  rays  have  been  reduced  under  seven  clas- 
ses.    The   colours  are  in  the  following  order  ;   Red^ 
Orange,  Yellow,  Green,  Blu£,  Indigo,  Violet. 
The  red  is  the  least  refrangible,  the  violet  the  most ; 
the  others  are  refrangible  in  the  order  in  which  they 
have  been    named.      Newton  ascertained,    by    actual 
measurement,  that  if  the  whole  of  the  spectrum  be  di- 
vided into  300  parts,  then 

The  red  will  occupy  45  of  these  parts 

orange 21 

yellow 48 

green 60 

blue 60 

indigo 40 

violet 8e 
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But  they  have  been  since  observed  to  differ  somewhat  ^  Clitp.t  ^ 
in  their  relative  lengths  in  the  spectrum,  according  to 
the  refracting  medium. 

9.  These  coloured  rajs  differ  from  each  other  in  rt- 
flexibility  and  inflexibility,  precisely  as  they  do  in  re- 
frangibility  :  the  red  rays  being  least  reflexible  and  in* 
flexible,  the  violet  most,  and  the  rest  according  to  theit 
order  in  the  prismatic  spectrum* 

10.  Every  one  of  these  coloured  rays  is  permanent ; 
not  being  affected  nor  altered  by  any  number  of  refrac^ 
tions  or  reflections. 

The  properties  of  light  now  enumerated  constitute 
tjie  object  of  the  science  called  Optics.  They  prove, 
in  the  most  decisive  manner,  that  light  is  attracted  by 
other  bodies  -,  and  not  only  attracted,  but  attracted  un- 
cqaally*  For  combustible  bodies,'  provided  all  other 
things  be  equal,  refract  light  more  powerfully  than  other  > 
bodies,  and  consequently  attract  light  more  powerfully. 
But  it  is  variation,  in  point  of  strength,  which  consti- 
tutes the  characteristic  n^ark  of  chemical  affinity.  Hence 
it  follows  that  the  attraction  which  subsists  between 
light  and  other  bodies  does  not  differ  from  chemical 
aflinity.  The  importance  of  this  remark  will  be  seen 
hereafter. 

11.  The  rays  of  light  differ  in  their  power  of  illumi-  illomiiia* 
nating  objects :  For  if  an  equal  portion  of  each  of  these  ^^fj^^ 
rays,  one  after  another,  be  made  to  illuminate  a  minute 
object,  a  printed  page  for  instance,  it  will  not  be  seen 
distinctly  at  the  same  distance  when  illuminated  by 

each.  We  must  stand  nearest  the  object  when  it  is  il- 
luminated by  the  violet :  we  see  distinctly  at  a  some- 
what greater  distance  when  the  object  is  illuminated  by 
the  indigo  ray;  at  a  greater  when  by  the  blue;  at  a  still 
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Book!,     greater  when  by  the  deep  green  ;  and  at  the  grcttest 
■       ^  of  ally  when  by  the  lightest  green  or  deepest  yellow: 

we  must  stand  nearer  when  the  object  is  enlightened  by 
the  orange  ray,  and  still  nearer  when  by  the  red.  Thus 
it  appears  that  the  rays  towards  the  middle  of  the  spec- 
titrm  possess  the  greatest  illuminating  power^  and  those 
at  the  extremity  the  least ;  and  that  the  illuminaUDg 
power  of  the  rays  gradually  diminishes  from  the  mid* 
die  of  the  spectrum  towards  its  extremities.  For  these 
facts  we  are  indebted  to  the  experiments  of  Dr  Her- 
schel*. 

lAeht  en-  ^^'  ^^fi^^  '^  capable  of  entering  into  bodies  and  rc- 

tcnbodks.  maining  in  them,  and  of  being  afterwards  extricated 
without  any  alteration.  Father  Beccaria,  and  several 
other  philosophers, have  shown  us,  by  their  e^cperiments, 
that  there  aro  a  great  many  substances  which  become 
luminous  after  being  exposed  to  the  light  f.  This  pro- 
perty  was  discovered  by  carrying  them  instantly  from 
the  light  into  a  dark  place,  or  by  darkening  the  cham- 
ber in  which  they  arc  exposed.  Most  of  these  substan- 
ces, indeed,  lose  their  property  in  a  very  short  time,  but 
they  recover  it  again  on  being  exposed  to  the  light  ;  and 
Uiis  may  be  repeated  as  often  as  we  please.  We  arc 
indebted  to  Mr  Canton  for  some  very  interesting  expe- 
riments oh  this  subject,  and  for  discovering  a  composi- 
tion which  possesses  this  property  in  a  remarkable  de- 
gree J.  He  calcined  some  common  oyster  shells  in  a 
good  coal  fire  for  half  an  hour,  and  then  pounded  and 
sifted   the   purest  part  of  them.      Three  parts   of  this 


*  PUf.  Tn.'PtT.  iRco,  p.  iss,  f  IblJ.  Ixi.  11  J. 

t  IbiJ.  Ivjii.  33^. 
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powder  were  mixed  with  one  part  of  the  flowers  of  sul-  ^**P'  ^* 
phufy  and  rammed  into  a  crucible  which  was  kept  red 
hot  for  an  hour.  The  brightest  parts  of  the  mixture 
were  then  scraped  off,  and  kept  for  use  in  a  dry  phial 
well  stopped  *•  When  this  composition  is  exposed  for 
a  few  seconds  to  the  light,  it  becomes  sufficiently  lumi- 
nous to  enable  a  person  to  distinguish  the  hour  on  a 
watch  by  it.  After  some  time  it  ceases  to  shine,  but 
recovers  this  property  on  being  again  exposed  to  the 
light.  Light  then  is  not  only  acted  upon  by  other  bo* 
dies,  but  it  is  capable  of  uniting  with  them,  and  after- 
wards leaving  them  without  any  change. 

It  is  well  known  that  light  is  emitted  during  com- 
bustion ;  and  it  has  been  objected  to  this  conclusion, 
that  these  bodies  are  luminous  only  from  a  slow  and 
imperceptible  combustion.  But  surely  combustion  can- 
not be  suspected  in  many  of  Father  fieccaria's  experi- 
ments, when  we  reflect  that  one  of  the  bodies  on  which 
they  were  made  was  his  own  hand,  and  that  many  of 
the  others  were  altogether  incombustible  ;  and  the  phe- 
nomena observed  by  Mr  Canton  are  also  incompatible 
with  the  notion  of  combustion.  His  pyrophorus  shope 
only  in  consequence  of  being  exposed  to  light,  and  lost 
that  property  by  being  kept  in  the  dark.  It  is  not  ex- 
posure to  light  which  causes  substances  capable  of  com- 
bustion at  the  temperature  of  the  atmosphere  to  become 
luminous,  but  exposure  to  air.  If  the  same  tempera* 
ture  contmues,  they  do  not  cease  to  shine  till  they  are 


<  Dr  Higgins  has  added  considerable  improvcmentt  to  the  method  of 
prepanti};  Canion'»  i^yroi  hoius.  He  stratifies  the  vystcr  ihelU  and  -sul* 
phur  in  a  cncblc  without  pounding  them  ;  and  after  exposing  them  to 
the  proper  heat,  they  are  put  into  phiils  iuruithed  with  ground  itoppcn. 
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constimcd  ;  and  if  they  cease,  it  is  not  the  applicatJOi 
of  light,  but  of  caloric,  which  renders  them  ag^n  lu- 
minous :  but  Canton's  pjrophorus,  on  the  contrary, 
u*hcn  it  had  lost  its  property  of  shining,  did  not  recover 
It  by  the  application  of  heat,  except  it  was  accompi- 
nicd  by  light.  The  only  effect  which  heat  had  was  to 
increase  the  separation  of  light  from  the  pyrophoms^ 
and  of  course  to  shorten  the  duration  of  its  luminoos- 
ness.  Two  glass  globes  hermetically  sealed,  containing 
each  some  of  this  pyrophorus,  were  exposed  to  the  light 
and  carried  into  a  dark  room.  One  of  them,  on  being 
immersed  in  a  basin  of  boiling  water,  became  much 
brighter  than  the  other,  but  in  ten  minutes  it  ceased  to 
give  out  light:  the  other  remained  visible  for  more 
than  two  hours.  After  having  been  kept  in  the  dark 
for  two  days,  they  were  both  plunged  into  a  basin  of 
hot  water  :  the  pyrophorus  which  had  been  in  the  wa* 
ter  formerly  did  not  shine,  but  the  other  became  lumi* 
nous,  and  continued  to  give  out  light  for  a  considerabk 
time.  Neither  of  them  afterwards  shone  by  the  appli- 
cation of  hot  water  ;  but  when  brought  near  to  an  iroo 
lieated  so  as  scarcely  to  be  visible  in  the  dark,  they  sod* 
denly  gave  out  their  remaining  light,  and  never  shone 
more  by  the  same  treatment:  hut  when  exposed  a  se- 
cond time  to  the  light,  they  exhibited  over  again  pre- 
cisely the  same  phenomena  ;  even  a  lighted  candle  and 
electricity  communicated  some  light  to  them.  Surelj 
these  facts  are  altogether  incompatible  with  combustion, 
and  fully  suflicient  to  convince  ns  that  light  alone  was 
the  agent,  and  tliat  it  had  actually  entered  into  the  lu- 
minous bodies. 

It  has  been  questioned,  indeed,   whether   the    light 
emitted  by  pyrophori  be  the  same  with   that  to  which 
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thej  arc  exposed*    Mr  Wilson  has  proved,  that  in  many    ^  Chiy.  f.  ^ 

cases  at  least  it  is  different ;  and  in  particular  that  on 

many  pjrophori  the  blue  rays  haye  a  greater  effect 

than  any  other,  and  that  they  cause  an  extrication  of  red 

light.     Mr  de  Grosser  has  shown  the  same  thing  with 

regard  to  the  diamond,  which  is  a  natural  pyropho- 

rus*.       Still,  however,  it  cannot  be   questioned  that 

the  luminousness  of  these  bodies  is  owing  to  exposure 

to  light,  and  that  the  phenomenon  is  not.  connected  with 

combustion. 

13.  But  light  does  not  only  enter  into  bodies,  it  also  And  com- 
combines  with  them,  and  constitutes  one  of  their  com-  them.'^* 
ponent  parts.  That  this  is  the  case,  has  been  rendered 
very  evident  by  a  set  of  experiments  made  long  ago 
by  Mr  Canton  f,  and  lately  repeated  and  carried  a  great 
deal  farther  by  Dr  Hulme  %•  It  has  been  long  known 
that  different  kinds  of  meat  and  fish,  just  when  they 
are  beginning  to  putrefy,  become  luminous  in  the  dark, 
and  of  course  give  out  light.  This  is  the  case  in  par- 
ticular with  the  whiting,  the  herring,  and  the  mackerel. 
When  four  drams  of  either  of  these  are  put  into  a  phial 
containing  two  ounces  of  sea  water,  or  of  pure  water 
holding  in  solution  j-  a  dram  of  common  salt,  or  two 
drams  of  sulphate  of  magnesia,  if  the  phial  be  put  into  a 
dark  place^  a  luminous  ring  appears  on  the  surface  of 
the  liquid  within  three  days,  and  the  whole  liquid, 
when  agitated,  becomes  luminous,  and  continues  in 
ihat  state  for  some  time.  When  these  liquids  are  fro- 
zen, the  light  disappears,  but  is  again  emitted  as  soon  as 


♦  Jtur.  </*  PLys,  XX.  a;o.  f  PUL  Trans,  lix.  446. 

I  Ibid.  iSoo.  p.  16  r. 
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gggj^^U   thej  are  thawed.    A  moderate  heat  tncreaiet  tlieliiim- 
nousnesSy  but  a  boiling  heat  exttngniahes  it  sltogedier. 
The  light  is  es^ngoished  also  hy  water»  lime  water, 
water  impregnated  with  carbonic  aeid  gm§^  or  snlphme- 
ted  hytlrogen  ga%  fermented  liquorat  spiritooa  liqoon^ 
acidsy  alkalies,  and  water  saturated  with  a  Tarietjr  ef 
salts,  as  sal-ammoniac,  commaa  salt,  sulphate  of  magne- 
sia ;  hot  the  light  appean  agun  when  diew  •^trrwi 
are  dilated  with  water.    This  light  prodnoes  no  sen-' 
sible  effect  on  the  thermometer  *•    After  these  ezperi* 
ments;  it  can  scarcely  be  denied  that  light  oonadtntes  a 
component  part  of  these  substances,  and  that  it  is  the 
first  of  the  constituent  parts  which  makes  its  esc^ 
when  the  substance  containing  it  is  beginnings  to  be  de^ 
composed, 
^ialacd"*        14.  Almost  all  bodies  have  the  property  of  absorb- 
ing light,  though  they  do  not  all  emit  it  again  like  the 
pyrophori  and  animal  bodies.    But  diej  by  no  means 
absorb  all  the  rnys  indiscriminately  :  some  absorb  one 
coloured  ray,  others  another,  while  they  reflect  the  rest. 
This  is  the  cause  of  the  different  colours  of  bodies.     A 
red  body,  for  instance,  reflects  the  red  rays,  while  it  ab- 
sorbs the  rest ;  a  green  reflects  the  green  rays,   and  per- 
haps also  the  blue  and  the  yellow,  and  absorbs  the  rest. 
A  white  body  reflects  all  the  rays,  and  absorbs  none; 
while  a  black  body,  on  the  contrary,  absorbs  all  the 
rays,  and  reflects  none.    The  different  colours  of  bodies, 
^  then,  depend   upon  the  affinity  of  each  for  particnltr 
rays,  and  its  want  of  afl^ity  for  the  others* 


*  The  same  experiments  sQccefil  with  Canton*!  pyroplionts,  n  Dt 
Huloie  has  J)owr. 
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15.  The  absorption  of  light  by  bodiea  produces  very   ^  Chap.  I. 
sensible  changes  in  them.     Plants,  for  instance,  may  be  Light  pro 
made  to  vegetate  tolerably  well  in  the  dark ;  but  in  ~  qq  ^o 
that  case  their  colour  is  always  white,  they  have  scarce-  «^ 
ly  any  taste,  and  contain  but  a  very  small  proportion  of 
combustible  matter.     In  a  very  ^hort  time,  however^ 
after  their  exposure  to  light,  their  colour  becomes  green» 
their   taste   is   rendered  much  more  intense,  and  the 
quantity  of  combustible  matter  is  considerably  increa- 
sed *•     These  changes  are  very  obvious,  and  they  dc- 


*  The  foIUwmg  very  curious  observation  by  Professor  Robimon  de- 
amres  particular  attcmion :  "  Having  occasion,  in  autumn  1774*  to  gQ 
down  and  inspect  a  drain  in  i  ■  coalwork,  where  an  embankment  had 
been  made  to  keep  off  a  lateral  run  of  water,  and  crawling  along,  I  lakl 
xny  hand  on  a  very  luxuriant  plant,  having  a  copious,  deefnindented, 
'  white  foliage,  quite  unknown  to  me.  I  inquired  of  the  colliers  what  if 
was^  None  of  them  could  ttll  me.  It  being  curious,  I  made  a  sod  be 
carried  up  to  the  day-Iighr,  to  learn  of  the  workmen  what  sort  df  a 
plant  it  was.  But  nobody  had  ever  seen  any  like  it.  A  few  days  after, 
looking  at  the  sod,  as  it  lay  at  the  mouth  of  the  pit,  I  observed  that  the 
plant  had  languished  and  t'icd  for  want  of  water,  as  I  imagined.  But 
l«>oking  at  it  more  attentively,  I  observed  that  a  new  vegetation  was  be* 
ginning  with  little  sprouting s  from  the  same  stem,  and  that  thb  new 
growth  was  of  a  green  colour.  This  instantly  brou^^ht  to  my  recollec- 
tion the  curious  observations  of  Mr  Dufay  ;  and  I  caused  the  sod  to  l^ 
set  in  the  ground  and  carefully  watered.  I  was  the  more  incited  to  thii, 
becai|se  I  thought  tliat  my  fmgcrs  had  contracted  a  sen^ble  aromatic 
undl,  by  handling  the  plant  at  this  time.  After  about  a  week,  this  root 
set  out  several  stems  and  leaves  of  common  tansy.  The  workmen  now 
recollected  that  the  sods  had  been  taken  from  an  old  cottage  garden  hard 
by,  where  a  great  deal  of  tansy  was  still  growing  amoiig  the  grass.  I  ^k 
pow  sent  down  for  more  of  tha  same  stuff,  and  several  sods  were  brought 
up,  having  the  same  luxuriant  white  foliage.  This,  when  bruised  be- 
tween the  fingers,  gave  no  aromatic  smell  whatever.  All  these  plants 
withered  and  died  down,  though  carefully  watered,  and,  in  each,  there  * 
sprouted  from  the  same  stocks  fresh  stems,  and  a  copious  foliage,  and 
produced,  among  others,  common  tanty,  fully  Impregnated  with  the  or- 
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Book  r.      pend  incontestibly  upon  the  agency  of  light.     Anot&er 
.  very  remarkable  instance  of  the  agency  of  light  is  tbe 

reduction  of  the  metallic  oxides.  The  red  oxide  of 
mercury  and  of  lead  become  much  lighter  when  eiqx>- 
sed  to  the  sun  ;  and  the  white  salts  of  silver,  in  tbe 
«ame  situation^  soon  become  black,  and  the  oxide  is  re* 
duced.  The  oxide  of  gold  may  be  reduced  in  the  same 
manner.  Light,  then,  has  the  property  of  separatiif 
oxygen  from  several  of  the  oxides.  Scheelcy  who  fint 
attended  accurately  to  these  facts,  observed  also,  that 
the  violet  ray  reduced  the  oxide  of  silver  sooner  thaa 
any  of  the  other  rays  *  ;  and  Sennebier  has  ascertained, 
that  the  same  ray  has  the  greatest  effect  in  produdsj 
the  green  colour  of  plants  f  •  Berthollet  observed,  that 
during  the  reduction  of  the  oxides,  a  quantity-  of  oxygen 
gas  makes  its  escape  t* 
OoDtaint  ^^  ^^^  supposed  till  lately,  that  those  reductions  of 

dcosidisin^  metallic  oxides  were  produced  by  the  colorific  rays  of 

FITS,  not  '^  •'  -^ 

floloriric.       light ;  but  Messrs  Wollaston,  Ritter,  and   Bockmann, 
have  lately  ascertained,  that  muriate  of  silver  is  black- 


dinary  juices  of  that  plant,  and  of  a  full  green  colour.  I  have  repeated 
the  &:ime  experiments  with  great  care  on  lovage  {^Irmhticttm  v«/r«ry)t 
minr,  and  raruway^.  As  these  plants  throve  very  well  below,  in  thr 
dark,  but  with  a  blanched  foliage,  which  did  not  spread  upwardt,  but 
lay  flat  on  the  ground ;  in  all  of  them  there  was  no  rcscmbUnce  rf 
shape  to  the  ordinary  foliage  of  the  plant.  All  of  them  died  down  when 
brought  into  day- light ;  and  the  stocks  then  produced  the  proper  plaacs 
in  their  usual  dre.^s,  and  having  all  their  distinguishing  smells.**— >Dr 
Bhck'i)  Lttiurety  i.  532. 

*  On  Yirr^  p.  78.  aiid  98.  \  Mtm.  PLisUo^Lim.  ii.  7a. 

\  'jour,  de  F  i.  xxix.  iii .  When  muriate  of  silver  i>  exposed  to  tbeio* 
lir  li;rhr,  it  blackens  almost  instantaneously.  In  that  case  it  is  notoivgai 
ffas  which  is  emitted,  but  muriatic  acid,  as  has  been  observed  aliobj 
Berthollet.    Sec   'Jtur.  U  Plyu  Ivi.  80. 
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ened  most  rapidly  when  it  is  placed  beyoiid  the  tiolet  ..PN*',^, 
.  ravy  and  entirely  out  of  the  prismatic  spectrum.   Hence 
^  it  follows,  that  the  change  is  produced,  not  merely  bj 

^  the  colorific  rays,  but  by  rftys  which  are   intHpftble  of 

to 

rendering  objects  visible  ;  neither  do  they  produce  anj 
sensible  heat.     We  see  that  they  are  more  re&angiUe 

]  thah  the  colorific' rays,  as  they  extend  beyond  the  violet 
end  of  the  spectrum.     From  these  remarkable  ezperi- 

'  ments  it  follows,  that  the  solar  light  is  composed  of 
at  least  two  sets  of  rays ;  one  set  which  renders  bodies 
visible,  and  another  set  which  blackens  muriate  of  tfilJi 
▼er,  and  reduces  metallic  oxides.  It  is  by  no  meaai 
unlikely,  that  all  the  other  chemical  changes  produced 
on  bodies  by  solar  light,  is  owing  to  the  second  set  of 
rays,  which  hitherto  have  obtained  no  name.  As  the 
effect  of  the  different  prismatic  colours  on  mdtallic  oz^ 
ides  increases  with  their  refrangibiiity,  and  as  the  effect 
is  greatest  at  a  certain  distance  beyond  the  violet  raj^ 
we  can  scarcely  hesitate  to  admit,  that  the  colorific  rays 
have  no  influence  whatever  in  the  phenomena  ;  but  that 
it  is  owing  to  the  other  or  deoxidiviing  rays,  which  of 
course  are  mixed  with  the  colorific,  and  increase  in  quan^ 
tity  with  the  refrangibiiity^  We  shall  find  afterwards 
that  solar  light,  besides  these  two  sets^  containfs  also  e 
third  species  of  ray,  different  from  both  in  its  nature 
and  effects. 

10.  Such  are  the  properties  of  light  as  far  as  thej 
have  been  examined.  They  are  sufficient  to  induce  us 
to  believe  that  it  is  a  body,  and  that  it  possesses  many 
qualities  in  common  with  other  bodies.  It  is  attracted 
by  them,  and  combines  with  them  precisely  as  othei^ 
liodies  do.  But  it  is  distinguished  from  all  the  substances 
hitherto  described,  by  possessing  three  peculiar  proper* 
V9L  h  D  d 
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I<ifht  pot- 
■etKt  three 
peculiar 
pmpcrtieii 


Source!  •£ 
lisht. 


ticSy  of  which  tbej  are  destitate.  The  first  of  the 
properiiet  is  the  power  which  it  hms  of  eacitiag  hm 
the  •enfaiion  of  vitioo^  bj  moring  frcym  the  object  mo^ 
•nd  entering  the  eye.^  The  phenomeam  of  coloorii  ai 
the  prisaistic  spectrum^  indicate  the  existence  of  mni 
different  species  of  light ;  but  to  what  the  difEerenecrf 
these  species  is  owing^  has  not  been  ascertmoed.  Vi 
are  altogether  ignorant  of  the  component  parts  of  cvoy 
one  of  these  species. 

The  second  peculiar  property  of  Kghi  i»  the  pni- 
gioua  velocity  with  which  it  moves  whenever  it  is»- 
parated  fronv  any  body  with  which  it  was  foraia^ 
aombincd.  This  velocity^  whidi  ia  but  little  lets  tbn 
900,000-  miles  in  a  secpndi  it  acquires  in  a  moiaali 
and  it  seems  to  acquire  it  too  in  alT  cases^  whatever  At 
body  be  from  whieh  it  separates. 

The  third,  and"  not  the  kast  singular  of  its  pccobi 
properties,^  is,  that  its  particles  arenever  found  eoherisi 
together,  so  as  to  fMm  masses  of  any^  sensible  msgsi* 
tude*  This  difference  between  light  and  other  bodia 
can  only  be  accounted  for  by  supposing  that  its  partidtt 
repel  each  other.  Tliis  seems  to  constitute  the  grsad 
distinction  between  light  and  the  bodies  hitherto  descri- 
bed. Its  particles  r/^/  each  other,  while  the  partidfs 
of  the  other  bodies  attract  each  other ;  and  according 
are  found  cohering  together  in  masses  of  more  or  ka 
magnitude. 

17.  It  now  only  remains  to  consider  the  difFerrnt  mt* 
thods  by  which  light  may  be  procured  ;  or,  to  spetk 
more  precisely,  the  different  sources  from  which  light 
is  emitted  in  a  visible  form.  These  sources  are  fborr 
1.  The  sun  and  stars  ;  2.  Combustion  ;  3.  Heat ;  soA 
4b  Percussion. 


^  ,  The  light  ciuiited  by  the  sun  is  familiarly  known 

^%y  the  Dames  of  tunsbine  and  light  of  day.     The  light 

^^f  the  stars,  as  has  been  ascertained,  possesses  precisely 

g  the  same  propenhs.     With   respect  to  the  cause  why 

the  sun    BQd    stars  are  constantly  emitting  light,    the 

i  ^uesiion  will  piobably  fur  ever  bafSe  the  human  undec- 

sunding  ;  at  any  race,  it  is  not  considered  as  comiected 

with  the  science  of  chemistry. 

-  18-  Light  is   emitted  in  every  case  of  eanthuttion.    »■  Comtn*' 

L  tfow  combustion,  as  far  at  least  as  regards  simple  com- 

^ostiblcs  and  metals,  is  the  act  of  combination  of  the 

combustible   with   oxygeo.      Consequently   the  light 

fvhich  is  emitted  during  combustioo  must  have  existed 

previously  combined  either  with   ttie  combustible  or 

with  the  oxygen.     But  this  subject  will  be  resumed  in 

the  next  Chapter,   where  the  nature  of  combustion  will 

|k  particularly  considered. 

10.  If  heat  be  applied  to  bodies,  and  continuallj  in-   j.  tbtt 
created,  there  is  a  certain  temperature  at  which,  whea 
they  arrive,  they  become  luminous-     No  fact  is  more 
familiar  than  this  ;    so   well  known   indeed   is  it,  that 
little  attention  has  been  paid  to  it.     When  a  body  be-  ^_ 

comes  luminous  by  being  heated  in  a  £re,  it  is  said  id  ^H 
common  language  to  be  red  hot.  As  far  as  experiments  ^H 
have  been  made  upon   this  subject,  it  appears  that  all  ^M 

bodies  which  are  capable  of  enduring  the  requisite  de-  H 

gree  of  heat  without  decomposition  or  volatilization  be^  * 
gin  to  emit  light  at  precisely  the  same  tcmpcratore. 
^hc  first  person  who  ejtamioed  this  subject  with  atien- 
tion  was  Sir  Isaac  Newton.  He  ascertained,  by  a  very 
ingenious  set  of  experiments,  first  published  in  I70l, 
Ihat  iron  is  just  visible  in  the  dark  whea  heated  to 
_^  Dd2 
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Rook  I.  635^  *  ;  that  it  shines  strongly  in  the  dark  when  niscl 
to  the  temperature  of  152^  ;  that  it  is  luminous  in  the 
twilight  just  after  sunset  when  heated  to  884^ ;  and  tkrt 
when  it  shines,  even  in  broad  day-light,  its  teuipeialiiR 
is  above  1000'.  From  the  ezperixnents  of  Mnscho- 
broeck  and  others,  it  appears,  that  what  in  common !» 
guage  is  called  a  red  beat,  commences  about  the  temp^ 
rature  of  800 '^. 

A  red  hot  bodj  continues  to  shine  for  some  time  it 
ter  It  has  been  taken  from  the  fire  and  put  into  a  iA 
place.  The  constant  accession,  then,  either  of  lighter 
beat,  is  not  necessary  for  the  shining  of  bodies :  bat 2 
a  red  hot  body  be  blown  upon  by  a  strong  cnrrent  d 
air,  it  immediately  ceases  to  shine  f.  Consequently  the 
moment  the  temperature  of  a  body  is^diminished  bjt 
certain  number  of  degrees,  it  ceases  to  be  luminous. 

Whenever  a  body  reaches  the  proper  temperature,  it 
becomes  lumiiious,  independent  of  any  contact  of  air; 
for  a  piece  of  iron  wire  becomes  red  hot  while  immer- 
sed in  mclicd  lead  %• 

To  this  general  law  there  is  one  remarkable  excep- 
tion. It  does  not  .appear  that  the  gases  become  lumi- 
nous even  at  a  much  higher  temperature.  The  follow- 
ing inocnious  experiment  of  Mr  T.  Wedgewood  seems 
to  set  the  truth  of  this  exception  in  a  very  clear  poiot 
of  view.  He  took  an  earthen  ware  tube  B  (fig,  9.}, 
bent  so  in  the  midcHc  that  it  could  be  s^nk,  and  mike 
several  turns  in  the  large  crucible  C,  which  was  filled 


*  Dr  Irvine  has  shown  th^t  thJs  point  it  rather  too  low.  For  mer« 
cury,  which  he  found  to  boil  at  57aS  doci  not  become  the  least  lumiiMKi 
at  that  tt-mpfraturc.     Irvine's  J  st-yst^.  ^%, 

t  T.  Wcd^cwcod,  PbU.  Tram.  179a,  }  Id.  Ibid. 
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^1  ^th  sand*     To  one  end  of  this  tube  was  fixed  the  fudr 

■  •f  bellows  A ;  at  the  other  end  was  the  globular  vessel 

fef  Dy  in  which  was  the  passage  F^  furnished  with  a  valve 

£1  to  allow  air  to  pass  out,  but  none  to  enter.     TThere  was 

f:  another  opening  in  this  globular  vessel  filled  with  glass^ 

X  that  one  might  see  what  was  going  on  within.     The 

If  -crucible  was  put  into  a  fire  ;  and  after  the  sand  had  be* 

cooie  red  hot,  air  was  blown  through  the  earthen  tube 

means  of  the  bellows.  This  air,  after  passing  tlirough 

I    the  red  hot  sand,  came  into  the  globular   vc^ssei.     It 

f^iHd  not  shine ;  but  when  a  piece  of  gold   wire  £  was 

^lung  at  that  part  of  the  vessel,  where  the  earthen  ware 

tube  entered^  it  becan&e  faintly  luminous  :  a  proof  that 

-though  the  air  was  not  luminous,  it  had  been  hot  enough 

to  raise  other  bodies  to  the  shining  temperature. 

19.  The  last  of  the  sources  of  light  is  fercusstari*  It  4-  Percuf 
is  well  known,  that  when  flint  and  sietl  are  smartly 
struck  against  each  other,  a  spark  always  makes  its  ap- 
pearance,  which  is  capable  of  setting  fire  to  tinder  or  to 
gunpowder.  The  spark  in  this  case,  as  was  long  ago 
ascertained  by  Dr  Hooke,  is  a  small  particle  of  the 
iron,  which  is  driven  off,  and  catches  fire  during  its  pas- 
sage through  the  air.  This,  therefore,  and  all  similar 
cases,  belong  to  the  class  of  combustion.  But  light  of* 
ten  makes  its  appearance  when  two  bodies  are  struck 
against  each  other,  when  we  are  certain  that  no  sueh 
thing  as  combustion  can  happen,  because  both  the  bo* 
dies  are  incombustible.  Thus,  for  instance,  sparks  are 
emitted,  when  two  quartz  stones  are  struck  smartly  a* 
gainst  each  other,  and  light  is  emitted  when  they  are 
rubbed  against  each  other.  The  experiment  succeeds 
e^nally  well  under  water.  Many  other  hard -stones 
^0  emit  sparks  in  the  same  circumstances. 
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It  fhey  be  often  made  to  emit  sptrks  above  a  Jbtt 
of  white  paper,  there  are  found  upon  it  a  number  d 
small  black  bodies,  not  Teiy  unlike  the  eggs  of  liei. 
These  bodies  are  hard  but  friable,  and  when  nibbed  oi 
fhe  paper  leave  a  black  stain.     When  viewed  with  i 
microscope,  they  seem  to  have  been  melted.     Moriatie 
acid  changes  their  colour  to  a  green,   as  it  does  that  ol 
lavas*.  These  substances  evidently  produced  the  q>arb 
bj  being  heated  red  hot.     Lamanon  supposes  that  thej 
are  particles  of  quartz  combined  with  oxygen.    Woe 
that  the  case,  the  phenomenon  would  be  precisely  s» 
lar  to  that  which  is  pr6duced  by  the   collision  of  fist 
and  steel.     That  they  are  particles  of  quartx  cannot  k 
doubted  i  but  to  suppose  them  combined  with  osygdi 
is  contrary  to  all  experience ;   for  these  ston^  nctcr 
show  any  disposition  to  conibine  witb  oxygen  efca 
when  exposed  to  the  most  violent  heat.     La  Metbeiie 
made  experiments  on  purpose  to  see  whether  Lamancn^ 
opinion  was  well  founded ;  but  they  all  turned  out  oo- 
favourable  to  it.    And  Monge  ascertained,  that  the  pir* 
tides  described  by  Lamanon  were  pure  crystal  unalter- 
ed, with  a  quantity  of  black  powder  adhering  to  them. 
He  concludes,  accordingly,  that  these  fragments  hid 
been  raised  to  so  high  a  temperature  during  their  ps^- 
aage  through  the  air,  that  they  set  fire  to  all  the  mi- 
nute  bodies  that  came  in  their  way  f.     The  emissioQ 
of  the  light  is  accompanied  by  a  very  peculiar  smeD, 
having  some  analogy  to  that  of  burning  sulphur,  or 
more  nearly  to  burning  gunpowder. 
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CHAP.    II. 
OF    CALORIC 


i>TBl)fG  is  more  ^miliar  to  us  than  hfat  ;  to  attempt  Definition, 
refore  to  define  it  is  unnecessary.  When  we  say 
It  a  pertonjeilt  heat,  that  a  none  is  hot,  the  expres- 
Qs  are  understood  without  dilHculij  ;  jet  in  each  of 
tiicK  propositions,  the  word  heat  has  a  distinct  mean- 
ing. In  the  one,  it  signifies  the  sensation  of  heat  i  in 
the  other,  thecau/f  of  that  sensation.  This  ambiguity, 
tbough  of  little  consequence  in  common  life,  leads  una- 
voidably in  philosophical  discussions  to  confusion  and 
perplexity.  It  was  to  prevent  this  that  the  word  cn/o- 
nc  has  been  chosen  to  signify  the  cause  of  heat.  When 
i  put  my  hand  on  a  hot  stone,  I  experience  a  certua 
sensation,  which  I  call  the  sensation  of  heat  i  the  cauae 
of  this  sensation  is  caloric. 

As  the  phenomena  in  which  caloric  is  concerned  are 
the  most  intricate  and  interesting  in  chemistry  ;  as  the 
study  of  them  has  contributed  in  a  very  particular  man- 
ner to  the  advancement  of  the  science  ;  as  they  involve 
some  of  those  partsof  it  which  are  still  exceedingly  ob- 
scure, and  which  have  given  occasion  to  the  most  im- 
portant disputes  in  which  chemists  have  been  engaged— 
they  naturally  lay  claim  to  a  very  particular  attention. 
f.  shall  divide  this  Chapter  into  six  Sections .  The  first 
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will  be  oecapied  with  the  natnre  of  caloric  ;  in  the  k* 
coody  I  will  consider  it9  proptgation  through  bodies*, 
is  the  third,  its  distribution  ;  in  the  fourth,  the  effeas 
which  it  produces  on  bodies ;  in  the  fifth,  the  quantitj 
p(  it  which  exists  in  bodies  ;  and  in  the  sixth^  the  dif* 
fere9t  tourges  from  which  it  is  obtained. 


SECT.  I. 


KATURE   OF  CALORIC. 

f 


C^OKCERKIKG  the  nature  of  caloric,  there  are  two  opi- 
nions which  have  divided  philosophers  ever  since  they 
turned  their  attention  to  the  subject.  Some  suppose 
that  caloric,  like  gravity,  is  merelj  a  property  of  mat* 
ter,  and  that  it  consists,  some  how  or  other,  in  a  pecu- 
liar vibration  of  its  particles;  others,  on  the  contrary, 
think  that  it  is  a  distinct  substance.  Each  of  these  opi- 
nion:) has  been  supported  by  the  greatest  philosophers; 
and  till  lately  the  obscurity  of  the  subject  has  been 
such,  that  both  sides  have  been  able  to  produce  exceed- 
ingly plausible  and  forcible  arguments.  The  recent  im- 
provements, however,  in  this  branch  of  chemistry,  have 
gradually  rendered  the  latter  opinion  much  more  pro- 
bable than  tht  former  :  And  a  recent  discovery,  made 
by  Dr  Herschel,  has  at  last  nearly  put  an  end  to  the 
dispute,  by  di-monstrating,  that  caloric  is  i:ot  a  proper- 
ty, but  a  peculiir  substance  ;  or  at  least  that  we  have 
the  s.tme  rtasor.  for  considering  it  to  be  a  substance,  as 
^e  have  for  the  believing  light  to  be  material. 
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1.  Df  Herachel  had  been  employed  in  making  obser-   ^  Chip.IL 
irations  on  the  sun  by  means  of  telescopes.    To  prevent  "Dbeovwr 
"^he  inconvenience  arising  from  the  heat,  he  used  colour-  ^jJJJ*. 
cd  glasses ;   but  these  glasses,  when  they  were  deep 
enough  coloured  to  intercept  the  light,  very  soon  crack-^ 
«d  and  broke  in  pieces.     Tliis  circumstance  induced 
him  to  examine  the  heating  power  of  the  different  co- 
loured rays.     He-  made  each  of  them  in  its  turn  fall 
upon  the  bulb  of  a  thermometer,  near  which  two  other 
thermometers  were  placed  to  serve  as  a  standard.     The 
number  of  degrees,  which  the  thermometer  exposed  to 
the  coloured  ray  rose  above  the  other  two  thermome« 
ters,  indicated  the  heating  power  of  that  ray.    He  found 
that  the  most  refrangible  rays  have  the  least  heating  • 
power ;  and  that  the  heating  power  gradually  increases 
as  the  refrangtbility  diminishes.     The  violet  ray  there- 
fore has  the  smallest  heating  power,  and-Ihe  red  ray 
the  greatest.    Dr  Herschel  found  that  the  heating  power 
of  the  violet,  green,  and  red  rays,  are  to  ^ach  other  as 
'the  following  numbers : 

Violet  =  10 

Green  zz  22*4 

Red  =  55 
It  struck  Dr  Herschel  as  remarkable,  that  the  illumi- 
sating  power  and  the  heating  power  of  the  rays  follow 
Buch  different  laws.  The  first  exists  in  greatest  perfec- 
tion in  the  middle  of  the  spectrum,  and  diminishes  as 
we  approach  either  extremity ;  but  the  second  increases 
constantly  from  the  violet  end,  and  is  greatest  at  the 
red  end.  This  led  him  to  suspect  that  perhaps  the  heat« 
ing  power  does  not  stop  at  the  end  ot  the  visible  spec- 
trum, but  is  continued  beyond  it.  He  phce-d  the  ther- 
fuometer  completely  beyond  the  boundary  of  the  re4 
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ray,  T>itt  stiH  m  the  line  ^  ihc  ipccftum ;  and  it  me 
ttill  higher  than  it  had  done  wtiea  expoaed  to  the  ni 
raj.  On  shifting  tha  tharaoiAeter  atiU  fiuther,  it  caa- 
iimied  to  rise  ;  and  the  rite  did  not  reach  ita  w^a'"«>^wi 
till  the  thermometer  was  half  an  inch  beyond  the  ot* 
moat  extremity  of  the  red  ray«  When  ahifted  still  £k« 
ther,  it  suiik  a  little ;  but  the  power  of  hcnliQg  wis 
•aensible  at  the  distance  of  14  inch  friMi  the  red  ray. 

These  important  ezperimenta  have  been  lately  re- 
peated and  fully  confirmed  by  Sir  Henry  £nglefieU^ 
in  tbe  presence  of  some  very  good  judgea.  The  apps- 
ratus  was  very  different  from  that  of  Dr  Herachel,  and 
contrived  on  purpose  to  obviate  certain  objectionawhidi 
hsMl  been  made  to  the  conclusion  drawn  by  that  illos> 
trious  philosopher.  Tbe  bulbs  of  the  thennometen 
used  were  mosdy  blackened.  The  following  Tapu 
exhibits  the  result  obtained  in  one  of  theae  experi* 
ineuts. 

Thermometer  in  the  blue  ray  rose  in  3' from  55^  to  56* 

green... 3 54....58 

yellow  •  •« 3 56 ...  .62 

full  red 2| ....  56 ....  72 

confines  of  red  2^. .  •  .  58  .  •  • .  73i 
beyond  tbe  visible  light  2t«  •  •  •  61  • « • . 70 

The  thermometer,  with  its  bulb  blackened^  rose  much 
more  when  placed  in  the  same  circumstances,  than  tbe 
thermometer  whose  bulb  was  either  naked  or  whitened 
with  paint.  This  will  be  apparent  from  the  following 
Table  : 


•  /9tinuU  •/the  J^^yl  Jtutitrnthm,  i.  sas. 


Redrajr 

Black  therm. 
White  therm. 

3' 

Frow 

38' 

55 

To 

61° 

58 

11 

60^ 

Contines  of  red 

Black  iheTm. 
White  therm. 

Black  therm. 

White  iherm. 

5fl 

3 

59 
51  f 

Botb  Dr  Herschel  and  Sir  Henry  Eoglefield  take  no- 
tice of  a  faint  blu^h  of  red,  of  a  semioval  Form,  visible 
when  the  rays  beyond  the  red  end  of  the  spectrum  were 
collected  by  a  letise. 

From  these  experiments  it  follows,  that  there  are 
rays  emitted  from  the  sun,  which  produce  heat,  but 
have  not  the  power  of  illuminating  ;  and  that  these  are 
the  rays  which  produce  the  greatest  qnantity  of  heat. 
Conjequeniiy  caloric  is  emitted  from  the  sun  in  rayj, 
'and  the  rays  of  caloric  are  not  the  same  with  the  njt 
of  light. 

On  examining  the  other  ertreaiity  of  the  spectmA, 
Dr  Herschel  ascenained  that  no  rays  of  caloric  can  be 
traced  beyond  the  violet  ray.  He  had  found,  however, 
as  Sennebier  had  done  before  htm,  that  all  the  coloured 
rays  of  the  spectrum  have  the  power  of  heating  :  it  may 
be  questioned  therefore  whether  there  be  any  rays  which 
do  not  warm.  The  coloured  rays  must  either  have  the 
properly  of  exciting  heat  as  rays  of  light,  or  they  must 
derive  that  property  from  a  mixture  of  rays  of  caloric. 
If  the  first  of  these  suppositions  were  true,  light  ougbt 
to  excite  heat  in  all  cases  ;  but  it  has  been  long  known 
to  philosophers  that  the  iight  of  the  moon  docs  not  pro- 
duce the  least  sensible  heal,  even  when  concentrated  sn 
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stronglj  as  to  sarpass,  Iq  point  of  illammatioii,  At 
brightest  candles  or  lamps,  and  yet  these  produce  a  veij 
aensible  heat.  Here  then  are  rajs  of  light  which  do 
not  produce  heat :  rajs^  too,  composed  of  all  the  sevea 
prismatic  coloured  rays.  We  must  conclude,  from  this 
welUknown  fact,  that  rajs  of  light  do  not  excite  heat : 
and  consequently  that  the  coloured  rays  from  the  sim 
and  combustible  bodies,  since  they  excite  heat^  most 
consist  of  a  mixture  of  rays  of  light  and  rays  of  caloric. 
That  this  is  the  case  was  demonstrated  long  ago  by  Dr 
Hooke  *,  and  afterwards  by  Scheele  f ,  who  separated 
the  two  species  from  each  other  by  a  very  simple  me* 
thod.  If  a  glass  mirror  be  held  before  a  fire,  it  reflects 
the  rays  of  light,  but  not  the  rays  of  caloric  ;  a  metallic 
mirror,  on  the  other  hand,  reflects  both.  The  glass 
mirror  becomes  hot ;  the  metallic  mirror  does  not  alter 
its  temperature.  If  a  plate  of  glass  be  suddenly  inter- 
posed between  a  glowing  fire  and  the  face,  it  intercepts 
completely  the  warming  power  of  the  fire,  without  cao« 
sing  any  sensible  diminution  of  its  brilliancy  ;  conse- 
quently it  intercepts  the  rays  of  caloric,  but  allows  the 
rays  of  light  to  pass.  If  the  glass  be  allowed  to  remain 
in  its  station  till  its  temperature  has  reached  its  maxi- 
mum, in  that  situation  it  ceases  to  intercept  the  rays  of 
caloric,  but  allows  them  to  pass  as  freely  as  the  rays  of 
light.  This  curious  fact,  which  shows  us  that  glass  on- 
ly intercepts  the  rays  of  caloric  till  it  be  saturated  with 
tliem,  was  discovered  long  ago  by  Dr  Robison,  pro- 
fessor of  natural  philosophy  in  the  university  of  £din- 
burgh.    These  facts  are  sufEcient  to  convince  us  that  tl^e 
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rays  of  liglit  tnd  of  caloric  arc  different,  and  that  the  co-     Chay,fL^ 
loured  rays  derive  their  heating  power  from  the  rays  of 
caloric  which  they  contain.     Thus  it  appears  that  solar 
light  is  composed  of  three  sets  of  rays,  the  colorific,  the 
calorific,  and     e  deoxidizing. 

2.  The  rays  of  caloric  are  refracted  by  transparent  Refracted 
bodies  just  as  the  rays  of  light.     We  see,  too,  that,  like 

the  rays  of  light,  they  differ  in  their  refrangibility ;  that 
some  of  them  are  as  refirangible  as  the  violet  rays,  bat 
that  the  greater  number  of  them  are  less  refrangible  than 
the  red  rays.  Whether  they  are  transmitted  through 
ill  transparent  bodies  has  not  been  ascertained ;  neither 
has  the  difference  of  their  refraction  in  different  medi- 
ums been  examined.  We  ^re  certain,  however,  that 
they  are  transmitted  and  refracted  by  all  transparent  bo- 
dies which  have  been  employed  as  burning-glasses.  Dr 
Herschel  has  also  proved,  by  experiment,,  that  it  is  not 
only  the  caloric  emitted  by  the  sun  which  is  refrangible, 
but  likewise  the  rays  emitted  by  common  fires,  by  can^ 
dies,  by  hot  iron,  and  even  by  hot  water. 

3.  The  rays  of  caloric  are  reflected  by  polished  sur*  Reflected^ 
faces  in  the  same  manner  as  the  rays  of  light.     This 

was  lately  proved  by  Herschel ;  but  it  had  been  demonstra- 
ted long  ago  by  Scheele,  who  had  even  before  ascertain- 
ed that  the  angle  of  their  reflection  is  equal  to  the  angle 
ef  their  incidence.  Mr  Pictet  also  had  made  a  set  of 
very  ingenious  experiments  on  this  subject,  about  the 
year  n90,  which  led  to  the  same  conclusion  *,  H^ 
placed  two  concave  mirrors  of  tin,  of  nine  inches  focus. 


*  A  limihr  let  of  experimeocs  had  beco  made  by  Mr  King  M  evl/ 
ft  17S5  :  See  his  Morseh  0/  Crkitum^  vol  lie 
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Book  I.     at  the  distance  of  twelve  feet  two  inches  from  one  ano* 
ther.     Iq  the  focus  of  one  of  them  be  placed  a  ball  o{ 
ifon  two  inches  in  diamotery  heated  so  as  not  to  be  visi- 
ble in  the  dark  ;  in  the  other  was  placed  the  bulb  of  a 
thermometer.   In  six  minutes  the  thermometer  rose  22^« 
A  lighted  candle,  which  was  substituted  for  the  ball  of 
iron,  produced  nearly  the  same  effect.    In  this  case  both 
light  and  heat  appeared  to  act.     In  order  to  separate 
them,  he  interposed  between  the  two  mirrors  a  plate 
of  clear  glass.    The  thermometer  sunk  in  nine  minuta 
14* :  and  when  the  glass  was  again  removed^  it  rose  is 
seven  minutes  about  12^  s  jet  the  light  which  felloa 
the  thermometer  did  not  seem  at  all  diminished  by  the 
glass.     Mr  Pictet  therefore  concluded,  that  the  caloric 
bad  been  reflected  by  the  mirror,  and  that  it  had  beea 
the  cause  of  the  rise  of  the  thermometer.     In  another 
experiment,  a  glass  matrass  was  substituted  for  the  iron 
ball,  nearly  of  jthe  same  diameter  with  it,  and  contain- 
ing 2044  grains  of  boiling  water.     Two  minutes  after 
a  thick  screen  of  silk,  which  had  been  interposed  be- 
tween the  two  mirrors,  was  removed,  the  thermometer 
rose  from  47°  to  50J^%  and  descended  again  the  moment 
the  matrass  was  removed  from  the  focus. 

The  mirrors  of  tin  were  now  placed  at  the  distance  of 
00  inches  from  each  other ;  the  matrass  with  the  boil- 
ing water  in  one  of  the  foci,  and  a  very  sensible  air 
thermometer  in  the  other,  every  degree  of  which  was 
equal  to  ubout  Vi^h  of  a  degree  of  Fahrenheit.  Exact- 
ly in  the  middle  space  between  the  two  mirrors  there 
was  placed  a  very  thin  common  glass  mirror,  suspended 
in  such  a  manner  that  either  side  could  be  turned  to- 
wards the  matrass.  When  the  polished  side  of  this  mir- 
ror was  turned  to  the  matrass,  the  thermometer  rose  on* 
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Ij  to  0'5°  i  but  when  the  side  cor«red  with  tinfoil,  and 
which  had  been  blackened  with  ink  and  smoke,  was 
turned  toward!  the  mairass  the  thermometer  rose  to  3'50, 
In  another  ciperiment,  when  the  polished  side  of  the 
Biirror  wai  turned  to  the  matrass,  the  thermometer  rose 
3°,  when  the  other  side  9' 2°.  On  rubbing  off  the  tin- 
foil, and  repealing  the  csperiment,  the  thermonaetcr 
rose  IS".  On  substituting  for  the  glass  mirror  a  piece 
of  thin  while  pnsteboardof  the  saraecliineosioaawitHit, 
the  thermometer  rose  10°". 

4.  All  the  phenomena  concur  to  show  that  the  rays  -j^^^  ^ 
of  caloric  move  with  a  verj  considerable  velocity  ;  "'1- 
though  the  rate  hasnot  been  ascertained  in  a  satisfacto- 
ry mmncr.  T)ie  ejtperitnents  of  Mr  Leslie  would  lead 
us  to  conclude  thai  ihey  move  with  the  same  velocity 
as  sound.  Bat  they  will  come  under  our  consideration 
in  a  subsequent  Seciion.  The  following  experiment  of 
Mr  Pictet  indicates  a  very  consldeiabJe  vtlotity.  He 
placed  two  concave  mirrors  at  the  distance  of  69 
feet  from  each  other  i  the  one  of  tin  as  before, 
the  other  of  plaster  gilt,  and  18  inches  in  diameter. 
Into  the  focus  of  this  last  mirror  he  put  an  air  thermo- 
meter, and  a  hot  bullet  of  iroa  into  that  of  the  other. 
A  few  inches  from  the  face  of  the  tin  mirror  there  wai 
placed  a  thick  screen,  which  was  removed  as  soon  as 
the  bullet  reached  the  focus.  The  thermometer  rose 
the  instant  the  screen  was  removed  without  any  percep- 
tible itilerval;  consecjaenily  the  time  which  caloric 
takes  in  moving  6!>  feet  is  loo  minute  to  be  measured  i. 

$.  As  caloric  radiates  from  luminous  bodies  likelight,    <;;,^ 
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Bobkf.  tnd  without  any  sensible  diminntion  of  tbeir  weight,  it 
is  reasonable  to  conclude  that  its  particles  mast  be  e* 
qiiallj  minute.  Therefore  neither  the  addition  of  calo- 
ric nor  its  abstraction  can  sensibly  affect  the  weight  of 
bodies.  As  this  follows  necessarily  as  a  consequence 
from  Dr  Herschel's  experiments^  were  it  possible  to 
prove  by  experiment  that  caloric  affects  the  weight  of 
bodies,  the  theory  founded  on  Dr  Herschers  discove- 
ries would  be  overturned  :  But  such  deductions  have 
been  drawn  from  the  experiments  of  De  Luc*, 
Fordyce  f ,  Morveau  %,  and  Chausier  }•  According  to 
these  philosophers,  bodies  become  absolutely  lighter  bj 
being  heated.  Theexperimcnt  of  Fordyce,  which  seems 
to  have  been  made  with  the  greatest  care,  was  conduct- 
ed in  the  following  manner  : 

He  took  a  glass  globe  three  inches  in  diameter,  vrith 
a  short  neck,  and  weighing  451  grains  ;  poured  into  it 
1700  grains  of  water  from  the  New  River,  London,  and 
then  sealed  it  hermetically.  The  whole  weighed  21  50|t 
grains  at  the  teiupcratureof  32°.  It  was  put  for  twen- 
ty minutes  into  a  freezing  mixture  of  snow  and  salt  till 
some  of  it  was  frozen  ;  it  was  then,  after  being  wiped 
first  with  a  dry  linen  cloth,  next  with  clean  washed  drr 
leather,  immt-diately  weighed,  and  found  to  be  ^^j^th  of 
a  grain  heavier  than  before.  This  was  repeated  exactlj 
in  the  same  manner  five  different  times.  At  each,  more 
of  the  water  was  frozen,  and  more  weight  gained. 
When  the  whole  water  was  frozen,  it  was  -j'^th  of  a 
grain  heavier  than  it  had  been  whert  fluid.  A  thermo- 
meter applied  to  the  globe  stood  at  10°.     When  allow. 


•  Sur  Us  M»dif.  d<  VAtmotph.  \  Fb'tl.    Trmns,  1 785,  pait  U. 

X  Jour,  it  i*L'^j,  IJ^Si  ^^t  J  JoMT.  d<  Sfovant,  178c,  p.  4^3, 


ki  tb  remain  till  the  thermometer  roJc  to  ^2*,  il  weigh-  ^^^twp.  lu 
ed  rV^hs  of  a  grain  more  than  it  did  at  the  same  tempera- 
ture when  fluid.  It  will  be  seen  afterwards  that  ice 
contains  less  caloric  than  water  of  the  iame  tetnpera^ 
ture  with  it.  The  balance  used  was  nice  enough  io 
mark  Tyo-7r^b  part  of  k  grain. 

This  subject  had  attracted  the  attention  of  LaVoisier, 
a  philosopher  distinguished  by  the  uncommon  accuracy 
of  his  researches.  His  experiments,  which  were  pub^ 
lished  in  the  Memoirs  of  the  French  Academy  for  1783, 
led  him  to  conclude  that  the  weight  of  bodies  is  not  al- 
tered by  heating  or  cooling  them,  and  consequently 
that  caloric  produces  no  sensible  change  on  the  weight 
of  bodies.  Count  Rumford's  experiments  on  the  sam6 
subject,  which  were  made  about  the  year  1707,  are  per- 
fectly decisive.  He  repeated  the  experiment  of  Dt 
Fordyte  with  the  most  scrupulous  caution  ;  and,  by  si 
number  of  the  mc^t  ingenious  contrivances, demonstrated 
that  neither  the  addition  not  the  abstraction  of  caloric 
makes  any  sensible  alteration  in  the  weight  of  bodies  *• 

6.  Caloric  agrees  with  light  in  another  property  nolesft 
peculiar.  I  ts  particles  are  never  found  cohering  together 
in  masses ;  and  whenever  they  are  forcibly  accumu- 
lated, they  fly  off  in  all  dii-ections,  and  separate  from 
each  other  with  inconceivable  rapidity.  This  property 
necessarily  supposes  the  existence  of  a  mutual  repulsion 
between  the  particles  of  caloric. 

Thus  it  appears  that  caloric  and  light  resemble  each 
other  in  a  great  number  of  properties.  Both  are  emit^ 
led  from  the  sun  in  rays  with  a  very  great  velocity  j 


•  ££iL  TrMMi.  I79y,  p.  179- 
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Book  I.  both  of  them  arc  refracted  by  transparent  bodies,  aod 
■  *^'"*"  reflected  by  polished  surfaces  i  both  of  them  consist  of 
particles  which  mutually  repel  each  other,  and  whid 
produce  no  sensible  efTect  upon  the  weight  of  other 
bodies.  They  differ,  however,  in  this  particular  :  light 
produces  in  us  the  sensation  of  vision;  caloric,  on  the 
contrary,  the  sensation  of  heat. 

Upon  the  whole,  we  are  authorised   by  the  above 
statement  of  facts,  to  conclude  that  the  solar  light  is 
composed  of  three  distinct  substances,  in  some  measoir 
separable  by  the  prism  on  account  of  the   difference  of 
their  refrangibility.     The  calorific  ttlys  are  the  least re^ 
frangible,  the  deoxidizing^r^js  are  most  refrangible,  and 
the  colorific  rays  possess  a  mean  degree  of  refrangibili- 
ty.    Hence  the  rays  in  the  middle  of  the  spectrum  hare 
the  greatest  illuminating  power,  those  beyond  the  red    I 
end  the  greatest  heating  power,  and  those  beyond  the 
violet  end    the  greatest  deoxidizing  power  ;    and  the 
heating  power   on  the   one  hand,  and  the    deoxidizing 
power  on  the  other,  gradually  increase  as  'we  approach 
that  end  of  th^  si^eetrum  where  the  maximum  of  each 
is  coneentrated.     Tiiese  different  bodies  resemble  each 
other  in  so  many   particulars,  that  the   same  reasoning 
respecting  refrangibility,  reflexibillty,  &c.  may  be  ap- 
plied to  all  ;  but   they  produce  different    effects  upon 
those   bodies  on  which   they  act.       Little  progress  hai 
yet  been  mids  in  the  investigation  of  these  effects;  but 
we  may  look  forward  lo  this  subject  as  likely  to  cor- 
rect mar.y  vague  and  unmeaning  opinions  which  arc  at 
present  in  vogue  among  chemists. 


Caloric. 
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SECT.  IL 

OF   THE  MOTION   OF  CALORIC. 

'  ROM  the  preceding  account  of  the  nature  of  calorie^ 
«  learn  that  it  is  capable^  like  lights  of  radiating  in 
1  directions  from  the  surfaces  of  bodies ;  and  that  when 
Ids  radiated,  it  moves  with  a  verj  considerable  velocity, 
ike  light,  too,  it  is  liable  to  be  absorbed  when  it  im« 
inges  against  the  surfaces  of  bodies.  When  it  has  thUA 
ktered^  it  is  capable  of  making  its  way  through  all  bo« 
ies ;  but  its  motion  in  this  case  is  c<HXiparativcl7  slow^ 
«at  then  moves  at  two  Very  different  rates.  1.  It  es-^ 
ipes  from  the  surfaces  of  bodies.  2.  It  is  conducted^ 
r  passes  through  bodies.  It  will  be  proper  to  consider 
ich  of  these  separately. 

I.  Escape  of'  Heat  from  Surfaces.  • 

Whe2C  bodies  artificially  heated  are  exposed  to  thci 
p^n  air,  they  immediately  begin  to  emit  heat,  and  con* 
nue  to  do  so  till  they  become  nearly  of  the  tempera* 
ire  of  the  surrounding  atmosphere.  That  different 
abstances  when  placed  in  this  situation  cool  down  with 
ery  different  degrees  of  rapidity,  could  not  have  es«* 
aped  the  most  careless  observer ;  but  the  inftuence  of 
he  surface  of  the  hot  body  in  acceleratmg  or  retarding 
be  cooling  process,  was  not  suspected  till  lately.  For 
his  curious  and  important  part  of  the  doctrine  of  heat, 
ve  are  indebted  to  the  sagacity  of  Mr  Leslie,  who  has 
Iready  brought  it  to  a  great  degree  of  jierfection.     His 
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Inquiry  into  the  Nature  of  Heaip  published  in  18C4, 
contains  a  great  number  of  original  experiments  aad 
^  views  on  this  subject.  It  is  remarkable,  that  a  few  weeb 

after  the  publication  of  this  work,  a  dissertation  bj 
Count  Rumford  on  the  same  subject,  and  containing  si- 
milar experiments,  appeared  in  the  Philosophical  Trans- 
actions. This  dissertation  displays,  in  a  remarkaUe 
degree,  that  ingenuity  and  happj  talent  of  illostta- 
tion  for  which  the  Count  is  so  remarkable*  Bntas  Mr 
Leslie  informs  us  that  his  leading  experiments  M 
been  made  in  1801,  and  as  his  work  appeared  first|k 
is  certainly  entitled  to  t^e  merit  of  prioritj  and  origin- 
alitj. 

Bfectofthe       i.  Mr  LesKe  filled  with  hot  water  a  thin  ^lobeof 

maxhot  in  ,  ,  ...  . 

cotUiif.        bright  tin,  four  inches  in  diameter,  havkig  a  narroif 

neck,  and  placed  it  on  a  slender  frame  in  a  warm  rooa 
without  a  fire.  The  thermometer  inserted  in  this  globe 
sunk  half  way  from  the  original  temperature  of  the  water 
to  that  of  the  room  in  156  minutes.  The  same  experi- 
ment was  repeated,  but  the  outside  of  the  globe  was 
now  covered  with  a  thin  coat  of  lamp  I>]ack.  The 
time  elapsed  in  cooling  to  the  same  temperature  as  in 
the  last  case  was  now  only  81  minutes*.  Here  the 
rate  of  cooling  was  nearly  doubled  ;  yet  the  only  differ- 
ence was  the  thin  covering  of  lamp  black.  Nothing 
can  afford  a  more  striking  proof  than  this  of  the  effect 
of  the  surface  of  the  hot  body  on  the  rate  of  its  cool- 
ing. 

Count  Rumford  took  two  thin  cylindrical  brass  ves- 
sels of  the  same  size  and  shape,  filled  them  both  with 


*  Leilie'f  Ififuiry  mf  $bc  Ifiawrf/Hntf,  p.  26S. 
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hot  water  of  the  same  teinperatnre,  and  clothed  the  one  ^Chip.  Il,^ 
with  a  covering  of  Irish  linen,  but  left  the  other  naked. 
The  naked  vessel  cooled  ten  degrees  in  55  minutes,  but 
the  one  covered  with  linen  cooled  ten  degrees  in  36J- 

cninutes  *•  In  this  experiment,  the  linen  produced  a  si- 
milar effect  with  the  lamp  black  in  the  preceding'.  In- 
stead of  retarding  the  escape  of  heat,  as  might  hare  been 

-expected,  they  produced  the  contrary  effect.     The  same 

Acceleration  took  jdaoe  when  the  cylinder  was  coated 
with  a  thin  covering  of  glue,  of  black  or  white  paint, 

:or  when  it  was  smoked  with  a  candle. 

2.  The  variation  in  the  rate  of  coolincr  occasioned  by  Orettmia 

stiUair. 
^coating  the  hot  vessel  with  different  substances  is  great- 
est when  the  air  of  the  room  in  which  the  experiments 
.are  made  is  perfectly  still.  The  difference  diminishes 
iwhen  the  atmosphere  is  agitated,  and  in  very  strong 
winds  it  disappears  almost  entirdy.  Thus  two  globes  of 
4in,  one  bright,  the  other  covered  with  lamp  black, 
being  filled  with  hot  water,  and  exposed  to  winds  of 
various  degrees  of  violence,  were  found  by  Mr  Leslie  to 
lose  half  their  heat  in  the  following  times  f: 

CiMB  Glabl.  Blackened  Globe. 

In  a  gentle  gale. 44!  35' 

In  a  pretty  strong  breeze  23*  20^' 

In  a  vehement  wind.«««««  9*6'  S/ 

This  is  sufEcient  to  convince  us,  that  the  effect  of  the 
lamp  black  in  accelerating  cooling  cannot  be  owing  to 
any  power  which  it  ha^  of  conducimg  heat,  and  com- 
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Book  I.      municatiog  it  to  the  air^-'^but  tb  the   property  which  U 
■l  has  of  radiating  heat  (to  use  the  common    expressioo) 

in  a  greater  degree  than  clear  metallic  bodies.     Thil 
this  u  in  reality  the  case  is  easily  shown. 

3.  When  a  canister  of  tin,  of  a  cubic  shape  and  co^ 
siderable  size»  is  placed  at  the  distance  of  a  foot  or  two 
from  a  concave  mirror  of  bright  polished  tin,  havings 
delicate  thermometer  in  the  focus,  the  thermometer  ex- 
periences a  certain  elevation.  If  the  canister  be  coated 
with  lamp  black,  the  thermometer  rises  much  higher 
than  when  the  metal  is  left  bright.  Here  'we  perceire 
that  more  heat  radiates  from  the  lamp  black  than  the 
clear  metal;  since  the  elevation  of  the  thermometer xi 
in  some  degree  the  measure  of  the  radiation.  A  com* 
mon  thermometer  does  not  answer  well  in  similar  ex- 
periments, because  it  is  afiected  by  every  change  of 
temperature  in  the  room  in  which  the  experiments  ate 
made.  But  Mr  Leslie  has  invented  another,  to  which 
we  are  indebted  for  all  the  precision  that  has  bees  ia- 
troduced  into  the  subject.  He  has  distinguished  it  bj 
Differential  the  name  of  the  differential  thermometer.  It  was  cm- 
t^rmome.     pj^yed  also  by  Couiit  Rumfdrd  in  his  researches. 

This  thermometer  consists  of  a  small  glass  tube  bent 
into  the  shape  of  the  letter  U,  and  terminating  at  each 
extremity  in  a  small  hollow  ball,  nearly  of  the  same 
size  ;  the  tube  contains  a  little  sulphuric  acid  tinged  red 
with  carmine,  and  sufficient  to  fill  the  greatest  part  of 
it.  The  glass  balls  are  full  of  air,  and  both  communi- 
cate with  the  intermediate  tube.  To  one  of  the  legs  of 
the  tube  is  affixed  a  small  ivory  scale  divided  into  100  de- 
grees; and  the  suJpburic  acid  is  so  disposed,  that  in  the 
graduated  leg  its  upper  surface  stands  opposite  to  the  part 
of  the  scale  marked  0.  The  glass  ball  attached  to  the  leg 
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*«f  the  instrument  to  which  the  scale  is  attached,  is,  by  way  Chap.  If. 
of  distinction,  called  iht  focal  ball.  Suppose  this  ther- 
mometer brought  into  a  warm  room,  the  heat  will  act 
equally  upon  both  balls,  and  expanding  the  included 
air  equally  in  each,  the  liquor  in  the  tube  will  remain 
stationary.  But  suppose  the  focal  ball  exposed  to  heat 
while  the  other  ball  is  not,  in  that  case  the  air  in- 
cluded in  the  focal  ball  will  expand,  while  that  in  the 
other  is  not  affected.  It  will  therefore  press  more  upon 
the  liquid  in  the  tube,  which  will  of  course  advance 
towar^l^  the  cold  ball,  and  therefore  the  liquid  will  rise 
in  the  tube  above  0,  and  the  rise  will  be  proportional 
•to  the  degree  of  heat  applied  to  the  focal  ball.  ■  This 
thermometer,  therefore,  is  peculiarly  adapted  for  ascer* 
taining  the  degree  of  heat  accumulated  in  a  particular 
point,  while  the  surrounding  atmosphere  is  but  -little 
afiected,  as  happens  in  the  focus  of  a  reflecting  mirror. 
"No  change  in  the  temperature  of  the  room  in  which  the 
instrument  is  kept  is  indicated  by  it,  while  the  slightest 
alteration  in  the  spot  where  the  focal  ball  is  placed  is 
immediately  announced  by  it« 

In  making  experiments  on  the  radiation  of  hea%  Mr 
Leslie  employed  hollow  tin  cubes,  varying  in  size  from 
three  inches  to  ten,  filled  with  hot  water,  and  placed 
before  a  tin  reflector,  having  the  di£ferential  thermo- 
meter  in  the  focus.  The  reflector  employed  was  of 
the  parabolic  figure,  and  about  14  inches  in  diameter. 
This  apparatus  afforded  the  means  of  ascertaining  the 
effect  of  different  surfaces  in  radiating  heat.  It  was 
only  necessary  to  coat  the  surface  of  the  canister  with 
the  various  substances  whose  radiating  properties  were 
to  be  tried,  and  expose  it,  thus  coated  and  filled  with 
hot  water,  before  the  reflector.     The  heat  radiated  in 
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BoAU      each  case  would  be  collected  into  the  focus  whefi  Oi 

Stviaon  IL 

I—    ^  1.      focal  ball  of  the  differential  thermometer  was  placed, 

tnd  the  rise  of  this  instrument  wonld  indicate  the  pro- 

poHional  radiation  of  each  surface.    These  experiments 

.    were  conducted  with  much  address.     The  foUowisg 

are  the  principal  results  obtained. 

W*^"^         4.  When  the  nature  and  position  of  the  canister  ii 

•Dce  be*        the  same,  the  rise  of  the  differential   thermometer  is  lU 


ways  proportional  to  the  difference  between  the  t 


twecn  the 

tenpcfa* 

tvr«ofthe     perature  of  the  hot  canibtcr  and  that  of  the  air  in  the 

■dA  tkv  air.    room  in  which  the  experiment  is  made  *•  ^ 

***?  ^  5.  When  the  temperature  of  the  canister  is  the  samc^ 

thethemo* 

vketer  in-  the  effect  upon  the  differential  thermometer  dimioisbcs 
2^^^^^^  as  the  distance  of  the  canister  increases  from  the  reflec- 
fromthefo*  lor^  the  focal  bali  being  always  understood  to  be 
placed  in  the  focus  of  the  mirror.  Thus  if  the  rise  of 
the  thermometery  when  the  canister  was  three  feet  from 
the  mirror,  be  denoted  by  loo,  it  will  amount  onlj  Is 
57  when  the  canister  is  removed  to  six  feet.  On  sub- 
stituting a  glass  mirror  for  the  reflector,  and  a  charcoal 
fire  for  the  canister,  when  the  fire  was  at  the  distance 
of  10  feet  the  thermometer  rose  31®,  and  at  the  distance 
of  30  leei  it  rose  21  +.  From  Mr  Leslie's  experimeoO 
it  follows,  that  the  cfft  ct  on  the  thermometer  is  vcrj 
nearly  i.verstly  proportional  to  the  distance  of  thecani- 
ater  trom  the  leflector.  He  found  likewise  that  when  ca- 
nisters of  ciifitrient  sizes  were  used,  heated  to  the  same 
point,  and  placed  at  such  distai'ces  that  thej  all  sub- 
tended t'le  same  angle  at  the  reflector  ;  in  that  case  the 
fSfecr  of  each  upon  the  difT  rentiMl  theriaometer  was 
pearljr  the  same.      Thus  a  canister  of 


*  Lc«lic»  |\  14.  f  Ibid.  p.  5Z 
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3  inches  at  3  feet  distance  raised  the  thermometer  50^     Chap»lL^ 

4  inches  -  4  feet r 54 

6  inches  -  6  feet • 57 

10  inches    10  feet ••••   59 

From  these  experiments  we  learn,  that  the  effect  of  the 
canister  upon  the  thermometer  is  nearly  proportional  to 
the  angle  which  it  subtends,  and  likewise  that  the  heat 
radiated  from  the  canister  suffers  no  sensible  diminution 
during  its  passage  through  the  air. 

6.  Heat  radiates  from  the  surface  of  hot  bodies  in   IVoportioo- 
all  directions;  but  from  Mr  Leslie's  experiments  we  tine oi the 
learn,  that  the  radiation  is  most  copious  in  the  direction  "^^^J?*??? 
perpendicular  to  the  surface  of  the  hot  body.     When   surface  to 
the  canister  is  placed  in  an  oblique  position  to  the  re-   tor. 
Rector,  the  effect  diminishes,  and  the  diminution  in- 
creases  with  the  obliquity  of  the  canister.     Mr  Leslie 

has  shown,  that  the  effect  in  all  positions  is  proportional 
to  the  visual  magnitude  of  the  canister  as  seen  from 
the  reflector,  or  to  its  orthographic  projection.  Hence 
the  action  of  the  heated  surface  is  proportional  to  the 
sine  of  its  inclination  to  the  reflector. 

Such  are  the  effects  of  the  temperature,  the  distance^ 
and  position  of  the  canister  with  respect  to  the  reflec« 
tor.  None  of  these,  except  the  first,  occasion  any  va- 
riation in  the  quantity  of  heat  radiated,  but  merely  in 
that  portion  of  it  which  is  collected  by  the  mirror  and 
sent  to  the  focal  ball ;  but  the  case  is  different  when 
the  surface  of  the  canister  itself  is  altered. 

7.  Mr  Leslie  ascertained  the  power  of  different  sub-  RiditeSiw 
stances  to  radiate,  by  applying  them  in  succession  to  a  Sifecnii** 
Bide  of  the  canister,  and  observing  what  effect  was  pro*    dies, 
duced  upon  the  differ ential  thermometer.     The  follow. 

ing  Table  exhibits  the  relative  power  of  the  different 
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Boik  I.      substances  tried  by  that  philosopher,  expressed  by  the 
elevatioQ  of  the  dilFerential  thennoineter  produced. 

Lamp  black  •••»• 100 

Water  by  estimate lOO-f- 

Writing  paper ; 08 

Rosin 06 

Sealing  wax •••  05 

Crown  glass 00 

China  ink  .•• 88 

Ice 85 

Minium •••••• 80 

Isinglass • 80 

Plumbago 75 

Tarnished  lead ••  45 

Mercury • 20-f- 

Clean  lead • 10 

Iron  polished • 15 

Tin  plate • 12 

Gold^  silver,  copper  •••     12 

From  this  Tabic  it  appears,  that  the  metals  radiate  much 
worse  than  other  substances,  and  that  tin  plate  is  one 
of  the  feeblest  of  the  metallic  bodies  tried.  Lamp 
black  radiates  more  than  eight  times  as  much  as  this 
last  metal,  and  crown  glass  7*5  times  as  much.  The 
experiments  of  Count  Rumford  do  not  coincide  exactly 
with  those  oi  Mr  Leslie  respecting  the  radiating  power 
of  the  metals.  The  Count  lound  ail  that  he  tried  equal 
in  this  respect  ;  while  the  preceding  table  indicates  a 
considerable  diflerencc  in  power.  But  the  method  a* 
dopted  by  the  Count  was  not  susceptible  of  the  same 
precision  with  that  of  Mr  Leslie  ;  the  latter  therefore 
has  a  much  greater  chance  of  being  correct. 
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S.  Such  are  the  radiating  powers  of  different  sub-   ^  Clxp.  I!.  ^ 
stances.      But  even  when  the  substance  continues  the 
sanae^  the  radiaiion  is  very  considerably  modified  by  ap- 
parently trifling  alterations  on  its  surface.     Thus  me*  Increased 
tals  radiate  more  imperfectly  than  other  bodies;  but  JL 
this   imperfection   depends  upon   the    brightness   and 
smoothness  of  their  surface.     When,  by  exposure  to 
the  air,  the  metal  acquires  that  tarnish  which  is  usually 
a^ribed  at  present  to  oxidizement,  the  power  of  radi- 
ating heat  is  greatly  increased.     Thus  it  appears  from 
the  preceding  table,  that  the  radiating  power  of  lead 
ivhile  bright  is  only  19  ;  but  when  its  surface  becomes 
tarnihhcd,  its* radiating  power  becomes  no  less  than  45. 
The  same  change  happens  to  tin,  and  to  all  the  metals 
tried. 

When  the  smoothness  of  the  surface  is  destroyed  by   And 
scratching  the  metal,  its  radiating  power  is  increased.   thc*fcurS« 
Thus  if  the  cfitct  of  a  bright  side  of  the  canister  be  12,   «f  "wuh. 
it  will  be  raised  22  by  rubbing  the  side  in  one  direc- 
tion  with  a  bit  of  fine  sand   paper*.     But  when  the 
surface  is  rubbt  d  across  with  sand  paper,  so  as  to  form 
a  new  set  of  furrows  intersecting  the  former  ones,  the 
radiating  power  is  again  somewhat  diminished. 

Q.  The   radiating  power  of  the  different  substances  IncreiKt 
examined,  was  ascertained  by  applying  a  thin  cover-  esasith" 

ine  of  each  to  one  of  the  sides  of  the  canister.      Now  tl^icl^n^of 
7  ....  ^l»e  CO**  "*- 

this  coat  may  vary  in  thickness  in  any  given  degree,  creases. 

It  becomes  a  question  of  some  importance  to  ascertain, 
whether  the  radiating  power  is  influenced  by  the  thick- 
ness to  a  given  extent,  or  whether  it  continues  the  same 
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I'^ok  I.     whatever  be  the  thickness  of  the  covering  coat*    This 
question  Mr  Leslie  has  likewise  resolved.      On  a  bright 
side  of  a  canister  he  spread  a  thin  coat  of  liquified  jeUj, 
and  four  times  the  quantity  upon   another   side ;  both 
dried  into  verjr  thin  films.     The  effect  of  the  thinnest 
film  was  38,  that  of  the  other  54.     In  this  case  the  ef- 
fect increased   with   the  thickness  of  the  coat.     The 
augmentation  goes  on  till  the  thickness   of  the  coat  of 
jellj  amounts  to  about  tttV?^^  ^^  ^^  ^<^ch  ;   after  whidi 
it  remains  stationary.     When  a  surface  of  the  canister 
was  rubbed  with  olive  oil,  the  effect  was  51 :   a  thick- 
er coat  of  oil  produced  an  effect  of  59.       Thus  it  ap- 
pears that  when   a  metallic  surface  is  covered  with  t 
coat  of  jelly   or  oil,  the  effect  is  proportional  to  the 
thickness  of  the  coat,  till  this  thickness  amounts  to  a 
certain  quantity  ;  but  when  a  vitreous   surface  is  co- 
vered by   very  thin  coats  of  metal,  no  such   change  is 
perceived.     A  canister  was  employed,  one  of  the  sides 
of  which  was  a   glass  plate.     Upon  this  plate  were  ap- 
plied, in  succession,  very  fine  coats  of  gold,  silver,  and 
copper  leaf.     But  notwithstanding  their  thinness,  the 
effect  was  only   i  2,  or   the  same  that  would  have  been 
produced  by  a  thick  coat  of  these  very   metals.     But 
when  glass  enamelled   with  gold  is  used,  the  effect  is 
somewhat  increased  ;  a  proof  that  varying  the  thickness 
of  the  metallic  coats,  would  have  the  same  effect  as  va- 
rying the   thickness  of  jelly,  provided  they  could  be 
procured  of  suflicient  tenuity^.    As  long  as  an  increase 
pf  thickness  alters  the  radiating  power  of  the  coat,  it  is 
obvious  that  the  surface  of  the  canister  below   ei^erts 
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a  certain  degree  of  energy.     And  the  action  exerted  by   ^Chiy.  f r. 
metallic  bodies  appears  to  be  greater  than  that  exerted 
bj  vitreous  bodies. 

10.  Such  are  all  the  circumstances  connected  with  the 
radiating  surface  hitherto  observed,  which  influence  its 
power.  For  hitherto  it  has  been  impossible  to  ascer- 
tain the  efficacy  of  hardness  and  softness^  or  of  colour^ 
upon  radiation  ;  though  it  appears,  from  Mr  Leslie's 
experiments,  not  unlikely  that  softness  has  a  tendency 
to  promote  radiation  *.  But  as  the  effect,  as  far  at 
least  as  measured  by  the  differential  thermometer,  de- 
pends not  only  upon  the  radiating  surface,  but  likewise 
upon  the  surface  of  the  focal  ball,  and  likewise  of  the 
reflector ;  it  will  be  necessary  also  to  consider  the  modi- 
fications produced  by  alterations  in  the  surface  of  these 
bodies.  This  inquiry,  for  which,  like  the  preceding, 
y^t  are  indebted  to  Mr  Leslie,  will  throw  considerable 

light  dn  the  nature  of  radiation.  j 

11.  When  the  focal  ball  is  in  its  natural  state,  that  Surfaces  n* 

,  .  ...  •.   i_       1.  1      di»tc  ind    • 

IS  to  say,  when  its  surface  is  vitreous,  it  has  t>een  al-  absorb  liest 

readv  observed,  that  the  side  of  the  hot  canister  coated  "«>^\«*>« 
•^  ptoportuML 

with  lamp  black  raises  the  thermometer  100^.  If 
the  experiment  be  repeated,  covering  the  focal  ball 
with  a  smooth  surface  of  tinfoil,  instead  of  rising  to  100°, 
4hc  thermometer  will  only  indicate  20^.  A  bright  side 
of  the  canister  will  raise  the  thermometer,  when  the 
focal  ball  is  naked,  12^  ;  but  when  the  ball  is  co* 
vered  with  tinfoil,  the  elevation  will  not  exceed  2\  de- 
grees f.  From  these  experiments  it  is  obvious,  that 
metal  not  only  radiates  heat  worse  than  glass,  but  like- 
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Wise  tliat  it  is  not  nearly  so  capable  of  imbibing  it 
when  the  rays  strike  against  its  surface.  If  the  su-  face 
of  the  tinroil  be  farrowed  by  rubbing  it  with  sand  pa- 
per, the  effect  produced  when  the  focal  ball  i-*  exposed 
in  the  focus  will  be  considerably  increased  *,  It  has 
been  already  observed  that  the  radiating  power  of  tia 
is  likewise  increased  by  scratching  it.  These  facts 
entitle  us  to  conclude,  that  those  surfaces  which  radiate 
heat  most  powerfully,  likewise  absorb  it  most  abund* 
antly  when  it  impinges  against  them. 

12-  The  very  contrary  holds  with  respect  to  the  re- 
flectors, as  might  indeed  have  been  expected.  Those 
surfaces  which  radiate  heat  best,  reflect  it  worst ;  while 
the  weakest  radiating  surfaces  are  the  most  powerful 
reflectors.  Metals  of  course  are  much  better  reflectors 
than  glass.  When  a  glass  mirror  was  used  instead  of 
the  tin  reflector,  the  differential  thermometer  rose  only 
one  degree  ;  upon  coating  the  surface  of  the  mirror 
with  lamp  black,  all  eftect  was  destroyed  ;  when  co- 
vert^d  with  a  sheet  of  tinfoil  the  effect  was  !()''  f . 

To  compare  the  iclative  intensity  of  different  sub- 
stances as  rtQectors,  Mr  Leslie  placed  thin  smooth 
plates  of  the  substances  to  be  tried  before  the  principal 
reflector,  and  nearer  than  the  proper  focus.  A  new  re- 
flection was  produced,  and  the  ra)  s  were  collected  in  ^ 
focus  as  much  nearer  the  reflector  than  the  plate  as  the 
old  focus  was  farther  distant.  The  compirative  pow^t 
of  the  different  substances  tried  was  as  follows :{. 

Brass IdO 

Silver po 


Lcrllc,  J\  8l. 


f  Ibid.  p.  20. 
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Tinfoil 83 

Block-tin 80 

Steel 70 

Lead 60 

Tinfoil  softened  by  mercury  1 0 

Glass la 

Do.  coated  with  wax  or  oil  5 
When  the  polish  of  the  reflector  is  destroyed  by  rub- 
bing it  with  sand  paper,  the  effect  is^very  much  di- 
minished. When  the  reflector  is  coated  over  with  a  so- 
lution of  jelly,  the  effect  is  diminished  in  proportion  as 
the  thickness  of  the  coat  increases,  till  its  diameter  a« 
mounts  to  r^V^th  part  of  an  inch.  The  following  Ta* 
ble  exhibits  the  intensity  of  the  reflector  coated  with- 
j«lly  of  various  degrees  of  thickness  *. 

Thickness  of  ct*at.  Effect. 

Naked  reflector 127 

4-5  6  6'Oa    ••• 93 

,a6'5S&- •  •     93 

T^^^OTT ®"^ 

TZ-^oli ^* 

76 6<5o    ••• ••.••    sjy 

T3^3-     • 29 

All  these  phenomena  are  precisely  what  might  have 
been  expected,  on  the  supposition  that  the  intensity  of 
reflection  is  inversely  that  of  radiation.  Mr  Leslie  has 
sliown  that  it  is  the  anterior  surface  of  reflectors  only 
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Book  T.     that  acts.    For  when  a  riau  mirror  it  empkmd,  in 
•   -  ^         power  is  not  altered  bj  scraping  off  the  tin  from  tn 
back,  nor  by  grinding  the  posterior  sarfiice  widi  saai 
or  emery  *• 

IS.  Such  are  the  phenomena  of  the  nidiatioa  of  best 
as  far  as  the  radiating  sorfiicc,  the  reflector,  and  the  fe- 
cal ball  are  concerned.  It  cannot  be  dcmbted  from  theB» 
that  heat  is  actually  radiated  from  difierent  surfinei^ 
.  and  that  bodias  vary  ooosideraUj  in  their  radiatia| 
power.  We  have  seen  also  that  snbstancea  difier  ao 
less  from  each  other  in  their  power  of  reflecting  bcs^ 
^  and  that  the  intensity  of  the 'latter  power  ia  always  d» 

inverse  of  the  intensity  of  the  form^.  Before  we  cm  ' 
be  able  to  form  a  judgment  of  the  waj  in  which  the 
heat  is  conveyed  in  these  cases,  it  will  be  necessary  to 
examine  the  effect  of  the  difierent  medioms  in  which 
the  radiation  may  take  place,  and  the  obatmctions  oc- 
casioned by  putting  diffinent  substanoea  between  the 
radiating  surfa^  and  the  reflector.  Both  of  these  points  J 
have  been  examined  by  Mr  Leslie  with  his  usual  acute- 
ness. 

RadiatioQ  14.  In  all  common  cases,  the  medium  through  which 

tikct  pitce  .... 

onlyioclir   the  heat  is  radiated  is  the  air;  and  from  Mr  Leslie^ 

tic  medl*  experiments  it  appears,  that  no  sensible  radiation  can 
be  observed  when  the  canister,  reflector,  and  differen- 
tial thermometer,  arc  plunged  into  water.  Hence  he 
concludes,  that  no  radiation  takes  place  except  when  the 
radiating  body  is  surrounded  with  an  elastic  medium. 
But  the  experiments  which  he  adduces  are  scarcely 
.MifFicient  to  decide  the  point.     Substances  cool  so  fast 
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'When  t>Iunged  Into  watec,  that  there  is  scarcely  time  for 
the  theriiloiTieter  to  be  affected ;  and,  besides,  th^  h^at 
could  scarcely  accumulate  in  the  focal  ball  in  such 
quantity  as  to  occasion  a  sensible  rise  *• 

Heat  radiates  through  sill  the  ga&eous  bodies  tried^ 
and  from  Mr  Leslie's  experiments,  it  does  not  appear 
that  the  rate  of  radiation  is  much  influenced  by  alter- 
ing  the  surrounding  medium.  The  rate  is  the  same^ 
at  least,  in  air  and  hydrogen  gas ;  and  oxygen  dnd  azotic 
gas  appear  to  have  the  same  properties  in  this  respect 
ms  air,  Mr  Leslie  has  shown  also  that  the  rarefaction  piminlilied 
of  the  surrounding  air  diminishes  somewhat  the  radia*  ^^ 
ting  encfrgy  of  surfaces ;  but  t\it  radiatibn  diminishes 
at  different  rates  in  different  gases.  The  follotmg 
Table,  calculated  from  his  trials,  shows,  according  t6 
bim,  the  diminution  of  the  power  of  radiation  in  air 
and  hydrogen  gas  of  different  degrees  of  rarity^ 


t 


*  We  shall  find,  however,  hereafter,  that  other  experiments  of  Mr 
JjMc  leave  no  doubf  that  heat  doet  not  radiate  throvgh  solid  bodies. 
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A«.         1 

Hro&oox^ 

lUritf. 

Radial 
Ohm, 

^ionof 
Metd. 

Radtacioo  of 
OIm.     I  M«taL 

1 

5714 

714 

5714 

714 

2 

5510 

600 

35S4 

OM 

4 

5332 

007 

5450 

082 

8 

5150 

• 

644 

5331 

000 

16 

4075 

022 

^5210 

6il 

88 

^4805 

601 

5001 

037 

04 

4C41 

S80 

4074 

022 

198 

4483 

500 

4801 

60S 

250 

4331 

542 

4750 

304 

512 

4183 

523 

4641 

580 

1024 

4041 

505 

4538 

567 

Such  is  the  efTect  of  different  mediums  as  far  as  tli 
have  been  examined  by  Mr  Leslie;  but  the  experime 
on  ^vhich  his  condusions  were  founded  would  rcqa 
to  be  repeated. 

Ihtercepf-  ^^'  ^^^"    *   substance   is   interposed    bj  way 

ite  power  screen  between  the  hot  canister  and  the  reflector,  i 
effect  is  either  diminished  or  destroyed  altogether,  : 
cording  to  circumstances.  These  circumstances  hi 
been  examined  by  Mr  Leslie  with  great  sagaciry,  i 
deed,  the  developement  of  the  effect  of  screens  constitu 
perhaps  the  most  curious  and  important  part  of  i 


«f  a  fcreen. 
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'Whole  work.    A  screen  may  affect  the  radiation  of  heat    ,  ^^V*  W. 

three  ways:    1.  By  its  distance  from  the  hot  canister  ; 

2.  By  its  thickness  ;  and^  3.  By  the  nature  of  the  sub-         , 

stance  of  which  it  is  conrposed.     Let  us  take  a  view  of 

each  of  these  in  succession. 

Firsts  From  all  Mr  Leslie's  trials,  it  appears  that  a 
screen  diminishes  the  effect  of  radiation  upon  the  differ-* 
ential  thermometer  situated  in  the  focus  of  the  reflector, 
in  proportion  to  its  distance  from  the  canister.     When 
placed  very  near  the  canister,  the  effect  is  comparatively 
small ;  but  it  increases  rapidly  as  the  screen  is  drawn   TncreaKA^ 
away  from  the  canister  ;  so  that  the  elevation  of  the  tance  from 
differential  thermometer  is  so6n  prevented  altogether.   J*  ^^  ^ 
When  the  canister  is  at  the  distance  of  three  feet  from 
the  reflector,  if  the  side  painted  with  lamp  black  pro* 
duce  an  effect  equivalent  to  100,  this  effect  upon  in- 
terposing a  pane  of  glass  at  the  distance  of  two  inches 
from  the  canister  will  be  diminished  to  20.     When  the 
pane  is  advanced  slowly  forward  towards  the  reflector, 
the  effect  of  the  radiation  gradually  diminishes ;  and 
when  it  has  got  to  the  distance  of  one  fo6t  from  the 
screen,  the  radiation  is  completely  intercepted  *. 

Secondy  When  a  screen  of  thin  deal  board  is  used  in- 
stead of  the  pane  of  glass,  and  placed  at  the  distance  of 
two  inches  from  the  canister,  the  radiatioti  is  diminish- 
ed, and  the  diminution  is  proportional  to  the  thickness   tl&ckiicdt! 
of  the  board. 

With  a  board  \  inch  thick  the  effect  is  20 


\  inch 15 

I  inch  ••..•••», 9 
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Book  f.      Thus  the  radiation  diminishes  very  slowly  as  the  tfaidb- 

Divisioo  II.  .  -.  ^  '' 

'  ness  increases  *. 

toMntt-  ^*'*'*^»  When  a  sheet  of  tinfoU  is  substituted  for  die 
ctpted  bf  glass  pane,  and  put  into  the  same  position,  the  efect, 
instead  of  20,  is  reduced  to  0  ;  and  this  happens  how- 
ever thin  the  tinfoil  is ;  even  gold  leaf  of  the  thickness 
of  loo'ooflth  part  of  an  inch,  though  pervious  to 
light,  completely  stops  the  progress  of  radiating  heat. 
When  a  sheet  of  writing  paper  is  substituted  fortinfinit 
the  effect  is  23  f.  Thus  it  appears,  that  substances 
vary  considerably  from  each  other  in  their  property  of 
intercepting  radiating  heat ;  and  likewise  that  the  poncr 
of  intercepting  heat  is  inverselj  as  the  power  of  radi« 
ating  it.  Those  substances  which  radiate  most  hett, 
intercept  the  least  of  it  when  in  the  situation  of  screens; 
and  those  which  radiate  the  least  heat,  on  the  contrary, 
intercept  the  most.  But  it  was  formerly  observed,  that 
the  power  of  absorbing  heat  was  the  same  with  that 
of  radiating  it.  Hence  those  substances  which  absorb 
least  heat  are  the  most  powerful  interceptors  of  it,  and 
the  contrary. 

These  facts  lead  naturally  to  the  opinion,  that  the 
property  of  absorbing  heat  depends  upon  the  surface 
of  the  substance  which  is  interposed  as  a  screen ;  an 
opinion  which  Mr  Leslie  has  established  by  the  follow- 
ing experiments.  He  took  two  panes  of  glass,  and 
coated  one  side  of  each  with  tinfoil,  leaving  the  other 
side  bare.  These  two  panes  were  pressed  together; 
the  tinned  side  of  each  being  outmost,  and  applied  as 
a  screen  at  two  inches  distance  from  the  canister.  The 
whole  of  the  rays  of  heat  appeared  to  be   intercepted. 


«  tcalie,  p.  %%,  t  Ibid. 
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for  the  ihennometer  was  not  acted  upon  at  all.  But  Chap,  n.^ 
vrhen  ihe  glass  side  of  the  screen  was  onimost,  ihe  effect 
of  radiaiion  was  equivalent  to  18.  Here  wc  find  the 
■very  same  screen,  in  ihe  very  same  position,  intercept- 
ing very  different  proportions  of  the  radiated  heat,  ac- 
cording to  the  nature  of  its  exiernal  surface.  When 
the  tin  was  outmost,  the  whole  heat  was  stopped  ;  but 
when  the  glass  was  outmost,  about  Jlh  passed  on  to 
llie  reflector.  The  cfTect  was  analogous  when  two 
sheets  of  tin,  each  painted  on  one  side  with  a  ihin  coat 
of  lamp  black,  were  employed  as  a  screen,  and  placed 
two  inches  from  the  canister.  Pressed  together,  and 
having  iheir  metal  sides  outmost,  the  radiation  produced 
no  effect  upon  the  thermometer;  but  when  the  blacken- 
ed sides  were  outmost,  the  eiTect  was  equivalent  to  23. 
When  only  one  of  the  plates  is  used,  nnd  its  blackened 
side  tunied  to  the  canister,  the  effect  is  equal  to  4.  If 
Ihe  two  plates  be  used  with  their  blackened  sides  out- 
most, and  at  ihe  distance  of  two  inches  from  each  other, 
all  effect  is  destroyed  ". 

Id.  Such  are  the  phenomena  of  the  radiation  of  heat 
»s  far  as  they  have  been  ascertained.  Let  us  see  how 
far  they  will  enable  us  to  ascertain  its  nature.  The 
only  other  radiation  with  which  we  are  familiarly  ac- 
quainted is  that  of  light.  This  seems  to  have  induced  ki^j^;^ 
philosophers  to  consider  ihem  both  as  similar,  without  "'  ■""Vf^^ 
any  minuie  examination  ;  but  ihe  (acts  ascertained  by  i 
Mr  Leslie,  supposing  them  correct,  demonstrate  that 
there  is  no  such  similarity  between  ihem  as  has  been 
supposed.  Light  passes  through  diaphanous  bodies,  aa 
glass,  with  only  a  small  diminution  ot  its  intensity  ; 


.    tight. 
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Book  L     and  the  effect  is  the  same  in  whatever  part  of  the  coune 

hviiioD  II. 

the  glass  pane  is  placed.  But  with  radiating  heat  the 
case  is  very  different ,  when  the  pane  is  placed  verj 
pear  the  canister,  a  portion  of  the  effect  still  takes 
place  i  but  as  the  pane  is  removed  towards  the  refiectoTi 
the  intensity  gradually  diminishes,  and  at  last  disap* 
pears.  Neither  does  the  intensity  of  surfaces  radiating 
beat  vary  at  the  same  rate  as  that  of  luminous  bodies j 
the  first  being  very  nearly  inversely  as  the  distance,  the 
second  inversely  as  the  square  of  the  distance.  Thesei 
and  several  other  particulars  pointed  out  in  the  prece- 
ding pages,  indicate  a  decided  difference  between  the 
radiation  of  heat  and  of  light. 

Mr  Leslie's  experiments  on  the  effect  of  screens  leave 
no  doubt  that  every  solid  body  interposed  between  the 
canister  and  the  reflector,  however  diaphanous  or  thin, 
completely  intercepts  all  the  rays  of  heat.  For  whca 
such  bodies  are  interposed,  the  remaining  intensity  is 
always  proportional  to  the  disposition  of  the  screen 
to  receive  and  radiate  heat;  and  the  effect  constantly  di- 
minishes  as  the  screen  is  removed  to  a  greater  dis- 
tance from  the  canister  ;  that  is  to  say,  that  the  screen 
imbibes  a  certain  portion  of  heat  from  the  canister, 
and  radiates  again  the  excess  which  it  has  thus  acquired. 
Thus  a  screen  is  precisely  the  same  as  another  canister 
heated  to  a  smaller  temperature.  The  rays  of  heat  then 
cannot  pass  through  solid  bodies,  however  thin  and 
transparent,  in  the  state  of  rays.  They  enter  the  screen, 
are  retained  by  it,  and  only  a  small  portion  sent  off 
from  the  other  surface,  in  proportion  as  its  heat  isgreat- 
er  than  that  of  the  air.  In  this  respect  the  radiation 
of  heat  differs  materially  from  that  of  light.     Hence 
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the  reason  why  radiation  takes  place  only  when  the  hot     Ch«p,|L^ 
body  is  surrounded  with  an  elastic  medium. 

But  provided  the  medium  be  elastic,  it  does  not  ap* 
pear  that  its  chemical  nature  occasions  any  difference ; 
at  least  in  the  few  trials  made  by  Mr  Leslie,  the  radi- 
ation in  air  was  nearly  the  same  as  in  other  gases.  But 
ivben  the  medium  is  artificially  rarefied,  the  effect  is  di- 
minished. 

It  does  not  appear  that  the  rays  of  heat  suffer  a  di- 
minution during  their  passage  through  air,  how  great 
soever  the  aistance  be  through  which  they  pass ;  for 
the  effect  on  the  thermometer  is  proportional  to  the  vi- 
sual magnitude  of  tlie  canister.  In  this  respect  they 
resemble  the  rays  of  light,  and  seem  to  diffeir  in  se^ 
veral  circumstances  from  the  aerial  pulses  which  coa* 
stitttte  sound. 

Thus  it  appears,  that  rays  of  heat  are  sent  off  in  dif? 
ferent  quantities  from  different  surfaces  ^  that  they  can 
pass  only  through  aerial  bodies,  being  intercepted  by 
all  solids  ;  that  their  intensity  diminishes  inversely  as 
their  distance  ;  and  that  no  part  of  them  is  lost  during 
their  journey.  So  far  seems  to  be  sufficiently  esta-^ 
blished  ;  but  beyond  it^very  thing  is  still  hypothetical. 
Mr  Leslie  supposes  that  the  heat  is  conveyed  from  one  Atcribed  t# 
surface  to  another  by  means  of  the  air,  and  that  the  JJJ^n^"* 
supposed  radiation  is  nothing  else  than  a  series  of  aerial 
undulations*  The  radiation  of  heat,  according  to  this 
hypothesis,  is  analogous  to  the  propagation  of  sound. 
A  hot  body,  according  to  him,  communicates  a  certain 
portion  of  heat  to  the  stratum  of  air  immediately  in  its 
neighbourhood  ;  the  stratum  immediately  expands,  and 
the  vibration  into  which  it  is  thrown  occasions  a  simi- 
lar vibration  in  the  next  stratum,  which  is  propagated  in 
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Book  L  the  usual  manner^  and  with  the  velocity  of  sound.  Thi 
portion  of  fieat  which  produced  the  first  vihration, 
passes  from  the  first  stratum  of  air  to  the  second,  and 
from  the  second  to  the  third,  with  the  same  rapidity  as 
the  undulations  themselves.  The  amount  of  the  effcc: 
will  depend  upon  the  portion  of  heat  communicated  at 
each  successive  moment  to  the  stratum  of  air  in  the 
neighhourhood  of  the  hot  hody;  and  this  will  depend 
upon  the  nearness  of  the  air  to  that  substance.  Those 
bodies  to  which  air  approaches  the  closest  will  there- 
fore radiate  heat  more  powerfully  than  those  to  whidi 
it  cannot  approach  so  near.  Hence  glass,  and  those 
other  bodies  which  radiate  best,  have  the  greatest  af- 
finity for  air ;  and  metals,  which  radiate  worst,  have  the 
least  affinity  for  air.  Hence,  also,  those  bodies  which 
radiate  heat  best,  must  absorb  it  most  readily  ;  because 
the  pulses  of  air  loadtd  wnh  heat  will  approach  them 
more  nearly.  Scratching  the  surface  of  a  metal  in- 
creases its  radiating  power  by  allowing  the  particles  of 
air  to  approach  more  nearly  in  consequence  of  the  pro- 
minences produced  ;  and  the  same  reason  accounts  lor 
the  increasing  effect  produced  by  re|>eated  coats  of  jel- 
ly applied  to  metallic  surfaces. 

Such  is  an  imperfect  sketch  of  Mr  Leslie's  ingenious 
hypothesis.  For  a  fuller  detail  it  will  be  necessary  to 
consult  his  work.  Several  objections  naturally  present 
themselves  to  this  view  of  the  subject ;  but  as  the  au- 
thor has  not  hiiherto  advanced  any  proof  in  confirma- 
tion of  his  pt'culi  ir  opiiyons,  except  their  convenience 
in  accountin^r  f,)r  the-*^!rPliiJ!iiena,  it  is  not  necessary  to 
enter  r.pcn  :i  i  .>nicular  examination  of  them.  They 
cannot  b  I  v'' .  ■  ..d  v.iiho^it  direct  proof;  especially  a^ 
ihey  do  not  a|/pcar  cousisiint  with  the  experiments  of 
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Hcrschcl,  Wollaston,  Ritt^r,  and  Bockmann.     Counf   ^Chap.lL 
Kumford  has  advanced  an  hypothesis  not  very  dissimi* 
lar,  but  has  not  succeeded  so  well  in  giving  it  an  iin» 
posing  aspect. 

II.  Passage  of  Caloric  through  Bodies. 

1.  Caloric,  we  have  seen,  is  incapable  of  moving  in 
rajs  through  solid  bodies.  Yet  it  is  well  known  that 
all  bodies  whatever  are  pervious  to  it.  Through  so- 
lids, then,  it  must  pass  in  a  different  manner.  In  gene- 
ral its  passage  through  them  is  remarkably  slow.  Thus 
if  we  put  the  end  of  a  bar  of  iron,  twenty  inches  long, 
into  a  common  fire,  while  a  thermometer  is  attached  to 
the  other  extremity ;  four  minutes  elapse  beforj  the 
thermometer  begins  to  ascend,  and  15  minutes  by  the 
time  it  has  risen  15°.  In  this  case,  the  caloric  takes 
four  minutes  to  pass  through  a  bar  of  iron  20  inches. 
When  caloric  passes  in  this  slow  manner,  it  is  said  to  be 
conducted  through  bodies.  It  is  in  this  manner  alone 
that  it  passes  through  non-elastic  bodies ;  and  though  it 
often  moves  by  radiation  through  elastic  media,  yet  we 
shall  find  afterwards  that  it  is  capable  of  being  conduct- 
ed through  them  likewise. 

2.  As  the  velocity  of  caloric,  when  it  is  conducted   Conducting 
through  bodies,  is  greatly  retarded,  it  is  clear  that  it  does   ^^*^^*' 
not  move  through  them  without  restraint.     It  must  be 
detained  for  some  time  by  the  particles  of  the  conduct- 
ing body,  and  consequently  must  be  attracted  by  them. 

Hence  it  follows  that  there  is  an  affinity  or  attraction 
between  caloric  and  every  conductor.  It  is  in  conse- 
quence of  this  affinity  that  it  is  conducted  through  the 
bod  V .  This  perhaps  will  be  better  understood  by  the 
^Uowing  illustration : 


4M  HOTiov  or 

^   Let  M  be  a  body  (a  man  of 

iroay  for  instance)  compoted  of  1 

aa  indefinite  number  of  parti*  9 

cles,  arranged  in  the  ttrata,  l,  s 

2,  Sf  4^  5,  6, 1,  &LC.     Let  calo-  4 

ric  be  communicated  to  it  in  5 

the  direction  X.    The  first  stra*  o 

turn  of   particks   1   combines  7 


with  a  dose  of  caloric,  and  fiinns  a  compound  which  we 
shall  call  A«  This  compound  cannot  be  deoonposed 
bj  the  second  stratum,  because  all  the  strata  before  the 
application  of  the  heat  were  at  the  same  temperature; 
consequentlj  the  affinity  of  all  for  caloric  most  have 
beed  equal.  Now  it  would  be  absurd  to  suppose  a  com- 
pound destroyed  by  an  affinity  no  greater  than  tha( 
which  produced  it.  If  therefore  only  one  doze  of  calo- 
ric combined  with  stratum  1,  no  caloric  could  pass  be- 
yond that  stratum.  But  the  compound  A  baa  still  an 
affinity  for  caloric  ;  it  therefore  combines  with  another 
dose  of  it,  and  forms  a  new  compound,  which  we  shall 
call  B. 

This  stratum  is  now  combined  with  two  doses  of  ca- 
loric ;  the  second  of  which,  according  to  the  general 
law  already  explained,  is  retained  by  a  weaker  affinity 
than  the  first.  Stratum  2,  therefore,  is  capable  of  ab- 
stracting this  second  dose.  Accordingly  it  combines 
with  it,  and  forms  the  compound  A.  Here  are  two 
strata  combined  each  with  a  dose  of  caloric,  and  conse- 
quently constituting  compound  A.  The  third  stratimi 
is  unable  to  decompose  the  second,  for  the  same  reason 
that  the  second  was  unable  to  decompose  tlie  first  while 
only  combined  with  one  dose.  Stratum  1  again  com- 
bines with  a  doze  of  caloric,  and  forms  compound  B. 
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Stratum  2  is  unsible  to  de9oinpose  this  compouod,  lie*     Chip.lL^ 
cause  being  already  combiaed  with  one  dose,  its  affiaitjr 
for  the  second  dose  cannot  be  greater  than  that  of  stra« 
turn  1  for  the  same  second  dose. 

But  stratum  1  combines  with  a  third  dose  of  caloric, 
and  forms  a  new  compound  which  we  shall  call  C* 
The  affinity  of  this  third  dose  being  inferior  to  that  of 
the  secondj  stratum  2  abstracts  it  and  forms  compound 
B»     This  second  dose  is  abstracted  from  stratum  2  by- 
stratum  3 1  which  now  forms  compound  A.     Stratum  1 
again  forms  compound  C,  to  be  again  decomposed  by 
stratum   2,  which   stratum  forms  a  new  compound  B* 
Compound  C  is  a  third  time  formed  by  stratum  1. 
Three  strata  are  now  heated*     Stratum  1  is  combined 
with  three  doses,  stratum  2  with  two  doses,  and  stratum 
3  with  one  dose.     The  caloric  can  pass  no  farther:  for 
stratum  4  cannot  decompose  compound  A,  nor  stratum 
S  compound  B,  nor  stratum  2  compound  C.     But  stra* 
turn  1  combines  with  a  fourt^  dose  of  caloric,  and  forms 
$t  new  compound  which  we  shall  call  D.     This  new 
dose  is  abstracted  by  stratum  2,  which  forms  compound 
C.     It  is  again  abstracted  from  stratum  2  by  stratum  3, 
which  forms  compound  B.     From  stratum  3  it  is  ab» 
stracted   by   stratum    4,  which   forms  compound   A; 
Stratum  1  again  combines  with  a  new  dose,  and  forms 
compound  D ;  which  is  abstracted  first  by  stratum  2, 
and  then  by  stratum  3,  which  last  stratum  forms  com* 
pound  B.     Stratum  1  a  third  t^ne  forms  compound 
a ;  but  the  dose  is  immediately  abstracted  by  stratum 
52,  which  forms  with  it  compound.  C.     Compound  D 
is  a  fourth  time  formed  by  stratum  ),  and  is  not  de« 
composed  any  more.     Here  are  four  strata  combined 
ivith  caloric }  stratum  1  with  four  doses^  stratum  2  with 


400  Monov  Of 

three  doies,  ttntum  s  with  two  dose%  and  stntiim  4 
with  one  dose.  In  this  manner  maj  the  heating  proces 
go  on  till  any  number  of  strata  whatever  are  combined 
with  caloric. 

3.  Bodies  then  conduct  caloric  in  oooscqaence  of  their 
affiuity  for  it,  and  the  property  which  they  have  of 
combining  indefinitely  with  additional  doses  of  it. 
Hence  the  reason  of  the  slowneis  of  the  process,  or, 
which  is  the  same  thing,  of  the  long  time  necessary  to 
beat  or  to  cool  a  body.  The  process  consists  in  an  al- 
most infinite  number  of  repeated  compositions  and  de- 
compositions. 

4*  We  Ke,  too,  that  when  heat  is  applied  to  one  extre- 
mity of  a  body,  the  temperature  of  the  strata  of  that 
body  must  dimmish  equably,  according  to  their  dis* 
taiice  from  tlie  source  of  heat.  Every  person  most 
have  observed  that  this  is  always  the  case.  If,  for  in- 
stance, ue  pass  our  hand  along  an  iron  rod,  <me  endrf 
which  is  lield  in  the  fire,  we  shall  perceive  its  tempera- 
ture gradually  diminishing  from  the  end  in  the  fire, 
which  is  hottest,  to  the  other  extremity,  which  is 
coldest.  Hence  the  measure  of  the  heat  transmitted 
must  always  be  proportional  to  the  excess  of  tempera- 
ture communicated  to  that  side  of  the  conductor  which 
is  nearest  the  source  ot  heat. 
0at  a  limtt.  5*  The  passage  of  caloric  through  a  body  by  its  con« 
ducting  power  must  have  a  hmit }  and  that  limit  de- 
pends upon  the  number  of  doses  of  caloric  with  which 
the  stratum  of  the  body  nearest  the  source  of  heat  is  ca- 
pable ot  combining.  If  the  length  of  a  body  be  so  great 
that  the  strata  of  which  it  is  composed  exceed  the  num* 
ber  of  dosesi  oi  caloric  with  which  a  stratum  is  capable 
of  combining,  it  is  clear  that  caloric  cannot  possibly  be 


conducted  through  the  bodj  ;  that  is  to  say,  the  strata 
fRfihe^t  distant  from  the  source  of  heat  cannot  receive 
any  increase  of  temperature.  This  limit  depends,  in 
all  cases,  upon  the  quantity  of  caloric  wtib  which  a  bo* 
dy  is  capable  of  combining  before  it  changes  its  state. 
All  bodies,  as  far  as  we  know  at  present,  are  capable  oE 
combining  indefinitely  with  caloric;  but  the  greater 
number,  after  the  addition  of  a  certain  number  of  doses, 
change  their  state.  Thus  ice,  after  combining  with  a 
certain  quantity  of  caloric,  is  changed  into  water,  which 
is  converted  in  its  torn  to  steam  by  the  addition  of 
more  caloric.  Metals  also,  when  heated  lo  a  certain 
degree,  meli,  are  volatiliwd,  and  oxidated  :  wood  and 
most  other  combustibles  catch  fire,  and  are  dissipated. 
Now  whenever  as  much  caloric  has  combined  with  the 
first  stratum  of  a  body  asilcan  receive  without  changing 
its  state,  it  is  evident  that  no  more  caloric  can  enter  the 
body  i  because  the  next  dose  will  dissipate  the  first 
stratum. 

6.  As  to  the  rate  at  which  bodies  conduct  caloric,  that 
depends  upon  the  specilic  nature  of  each  particular  body; 
the  best  conductors  conducting  most  rapidly,  and  to 
the  greatest  distance.  The  goodness  of  bodies  as  con- 
ductors appear  to  be  in  some  measure  dependent  upon 
their  density  ;  but  not  altogether,  as  the  specific  affinity 
of  each  for  caloric  must  have  considerable  influence. 
When  bodies  are  arranged  into  sets,  we  may  lay  it  dowi^ 
u  >  geDeral  rule  thai  the  densest  set  conduct  at  the 
greatest  rate.  Thus  the  metals  conduct  at  a  greater  rate 
thwi  any  other  bodies.  £ut  in  considering  the  iodivi- 
diuls  of  a  set,  it  is  not  always  the  densest  that  conducts 
belt. 

7.  As  bodies  conduct  caloric  in  consequence  of  tbcii 
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tflbritjr  far  it,  and  as  all  bodies  have  an  wtBnity  for  eak^ 
ric^  it  fellows  as  a  oonseqaenoe^  that  all  bodies  mast  be 
condnctors,  unless  their  condnoting  power  be  coonter- 
acldd  by  some  other  property.  If  a;  body,  for  ioslaocs^ 
were  of  such  a  nature  that  a  single  dose  of  calorie  suf- 
ficed to  produce  a  change  in  its  sute^  iff  i»  cTiderit  tiMt 
it  (OenM  not  conduct  calosie ;  because  rrery  row  of  par- 
^  tidesy  is  soon  as  it  had  combined  With'  n  dose  of  ea> 

i  lorie,  would  change  its  plaoe^  and  cooM  not  therefbre 

coassminicate  caloric  to  tbe  strata  behind  it.- 

AH  Mlids  8.  iUi  Jfoiids  are  eondatelortf ;  beieause  m\l  solida  are  ea> 
pable  of  combining  witbvartOiis  dc^sesof  caloric  before 
they  change  their  stale.  This-  is  the  case  in  «  irery  re- 
flsarkable  degree  with  all  ei»thy  aiM  stony  bodies ;  it 
is  the  case  also  with  oietats^  with  ^getahlea^  ami  wiA 
atfltMl  matters.  Thfs^  huwcvti,  must  be  niKlei'stood 
WiA  certain  limitatioifs.  Alt  bodies  are  indeed  coo- 
dnetots )  but  they  are  not  condoctbrs  ih  all  situations. 
Most  solids  are  conductors  at  the  common  temperature 
of  the  atmosphere ;  but  when  heated  to  the  tempera- 
ture  at  which  they  change  their  state,  they  are  no  long- 
er conductors.  Thus  at  the  temperature  of  60**  sul- 
phur is  a  conductor  ;  but  when  heated  to  218*,  or  the 
point  at  which  it  welts  or  is  volatilized,  it  is  no  longer 
a  coodpctor.  In  the  same  manner  ice  conducts  caloric 
when  at  the  temperature  of  20**,  or  any  other  degree 
below  the  freezing  point ;  but  ice  at  32°  is  not  a  con- 
ductor, because  the  addititon  of  caloric  causes  it  to 
change  its  state. 

?).  With  respect  toliquidsanfl  gaseous  bodies,  it  would 
appear  at  first  sight  that  they  also  are  all  c.-'ridoc»'ors  ;• 
for  tht»y  can  be  heated  as  well  as  solidb,  and  heated  too 
considerably  without  sensibly  changing  their  state.  Bui 
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fluids  differ  from  solids  in  one  essential  particular:  Chap.-ir. 
their  particles  are  at  full  liberty  to  move  among  them- 
selvesy  and  they  obey  the  smallest  impulse  ;  while  the 
particles  of  solids,  from  the  very  nature  of  thes6  bodies, 
are  fixed  and  stationary.  One  of  the  changes  which 
caloric  produces  on  bodies  is  expansion,  or  increase  of 
balk  ;  and  this  increase  is  attended  with  a  proportional 
diminution  of  specific  gravity.  Therefore,  whenever 
caloric  combines  with  a  stratum  of  particles,  the  whole 
stratum  becomes  specifically  lighter  than  the  other  par- 
ticles. This  produces  no  change  of  situation  in  solids ;  • 
but  in  fluids,  if  iht  heated  stratum  happens  to  be  below 
the  other  strata,  it  is  pressed  upwards  by  them>  and 
being  at  liberty  to  move,  it  changes  its  place^  .and  is 
buoyed  up  to  the  surface  of  the  fluid. 

In  fluids,  thdn^  it  makes  a  very  great  difference  to    Flaids  carry 
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what  part  of  the  body  the  source  of  heat  is  applied.  If 
it,  be  applied  to  the  highest  stratum  of  all,  or  to  the 
jiurfiace  of  the  liquid,  the  caloric  can  only  make  its  wfty 
downwards,  as  through  solids,  by  the  conducting  power 
of  the  fluid ;  but  if  it  be  applied  Jo  the  lowest  stratum, 
it  makes  its  way  upwards,  independent  of  that  conduct- 
ing  power,  in  consequence  of  the  fluidity  of  the  body 
and  the  expansion  of  the  heated  particles.  The  lowest 
stratum,  as  soon  as  it  combines  with  a  dose  of  caloric, 
becomes  specifically  lighter,  and  ascends.  New  par- 
ticles approach  the  source  of  heat,  combine  with  caloric 
in  their  turn,  and  are  displaced.  In  this  maimer  ail  the 
particles  come,  one  after  another,  to  the  source  of  heat; 
of  coarse  the  whole  of  then^'  are  heated  in  a  very  short 
tiflae,  and  the  caloric  is  carried  almost  at  once  to  much 
greater  distances  in  fluids  than  in  any  solid  whatevci*. 
Fluids,   therefore,  have  the  property  of  cat^ying  or 
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Book  T.  transporting  caloric  ;  in  consequence  of  which  thcyic- 
quire  heat  independent  altogether  of  any  cooauctiii{ 
power. 

10.  The  carrying  power  of  fluids  was  first  accurately 
examined  by  Count  Rumford.     This  ingenious  philo- 
sopher was  so  struck  with  it  the  first  time  he  observed 
ity  that  he  was  led  to  conclude,  that  it  is  by  means  of  it 
alone  that  fluids  acquire  heat,  and  that  they  are  alto- 
gether destitute  of  the  property  of  condacting  caloric. 
In  a  set  of  experiments  on  the  communication  of  beat, 
he  made  use  of  thermometers  of  an  uncommon  uze. 
Having  exposed  one  of  these  (the  bulb  of  which  was 
near  four  inches  in  diameter)  filled  with   alcohol  to  as 
great  a  heat  as  it  could  support,  he  placed  it  in  a  win- 
dow to  cool,  where  the  sun  happened  to  be  shioiog. 
Some  particles  of  dust  had  by  accident  been  mixed  with 
the  alcohol :  these  being  illuminated  by  the  sun^  became 
perfectly  visible,  and  discovered  that  the  whole  liquid  in 
the  tube  of  the  thermometer  was  in  a  most  rapid  mo- 
tion,  running   swiftly  in  opposite  directions  upwards 
and  downwards  at  the  same  time.     The  ascending  cur- 
rent occupied  the  axis,  the  descending  current  the  sides 
of  the  tube.    When  the  sides  of  the  tube  were  cooled  by 
means  of  ice,  the  velocity  of  both  currents  was  accele- 
rated.    It  diminished  as  the  liquid  cooled  ;  and  when  it 
had  acquired  the  temperature  of  the  room,  the  motion 
ceased  altogether.     This  experiment  was  repeated  with 
linseed  oil,  and   the   result  was   precisely   the   same. 
These  currents  were  evidently  produced  by  the  particles 
of  the  liquid  going  individually  to  the  sides  of  the  tube, 
and  giving  out  their  caloric.     The  moment  they  did  so, 
their  specific  gravity  being  increased,  they  fell  to  the 
bottom,  and  of  course  pushed  up  the  warmer  part  of 
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the  fluid,  which  was  thus  forced  to  ascend  mlong  lh«     ' 
axis  of  the  tube.     Having  reached  the  top  of  the  la^^ 
the  particles  gave  out  pan  of  their  caloric,  became  spc* 
cilicaUy  heavier,  and  tumbled  in  their  turn  to  the  bot- 
tom. 

As  thcbc  internal  motions  of  fluids  can  only  be  dis- 
covered by  mixing  with  them  bodies  of  the  same  spe- 
cific gravity  with  themselves,  and  as  there  is  hardly 
•ny  substance  of  the  same  specific  gravity  with  water 
which  is  not  soluble  in  it.  Count  Rumford  had  recourse 
to  the  following  ingenious  method  of  ascertaining  whe- 
>  ther  that  fluid  also  followed  the  same  law.  The  speci- 
fic gravity  of  waicr  is  increased  considerably  by  dissol- 
ving any  salt  in  it  j  he  added,  therefore,  potash  to  walei 
till  its  specific  gravity  was  exactly  equal  to  that  of  am- 
ber, a  substance  but  very  liltic  heavier  than  pure  wa- 
ter. A  number  of  small  pieces  of  amber  were  then 
mixed  with  (his  solution,  and  the  whole  put  into  a  glass 
globe  with  a  long  neck,  which,  on  being  heated  and 
exposed  to  cool,  exhibited  exactly  the  s:ime  phenomena 
with  the  other  fluids.  A  change  of  temperature,  a- 
mounting  only  to  a  very  few  degrees,  was  sufficient  to 
set  the  currents  a-flowing  ;  and  a  motion  might  at  any 
time  be  produced  by  applying  a  hot  or  a  cold  body  to 
any  part  of  the  vessel.  When  a  hot  body  was  applied^ 
that  part  of  the  fluid  nearest  il  ascended  i  but  it  do- 
icended  on  the  application  of  a  cold  body. 

These  observations  naturally  led  Count  Rumford  to 
examine  whetlier  the  heating  and  cooling  of  fluids  be 
rot  very  much  retarded  by  every  thing  which  diminishes 
the  fluidity  of  these  bodies.  He  took  a  large  linseed* 
oil  thermometer  with  a  copper  bulb  and  glass  tube  f 
the  bulb  was  placed  exactly  in  the  centre  of  a  brass  cy-^ 
rol.  I.  Og 
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Bool^  I*      linder  ;  so  that  there  was  a  void  space  between  them 
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all  around  0*25115  of  an  inch  thick.  The  the^no- 
meter  was  kept  in  its  place  bj  means  of  four  wooden 
pins  projecting  from  the  sides  and  bottom  of  the  cy- 
linder, and  by  the  tube  of  it  passing  through  the  cork 
stopper  of  the  cylinder.  This  cylinder  was  filled  with 
pure  water,  then  held  in  melting  snow  till  the  ther- 
mometer fell  to  32^,  and  immediately  plunged  into 
a  vessel  of  boiling  water.  The  thermometer  rose 
from  32'='  to  200°  in  597".  It  is  obvious  that  all  the 
caloric  which  served  to  raise  the  thermometer  must 
have  made  its  way  through  the  water  in  the  cylinder. 
The  experiment  was  repeated  exactly  in  the  same 
manner  ;  but  the  water  in  the  cylinder,  which  amount- 
ed to  2270  grains,  had  102  grains  of  starch  boiled  in  it, 
which  rendered  it  much  less  fluid.  The  thermometer 
now  took  1109"  to  rise  from  32°  to  200°.  The  same 
experiment  was  again  repeated  with  the  same  qoan- 
tity  of  pure  water,  having  192  grains  of  eiderdown 
mixed  with  it,  which  would  merely  tend  to  embarrass 
the  motion  of  the  particles.  A  quantity  of  stewed  ap- 
ples were  also  in  another  experiment  put  into  the  cy- 
linder. The  following  Tables  exhibit  the  result  of  aH 
these  experiments. 


CALORIC. 


Time  the  caloric  was  in  passing  into  the  Tbermometeri 


Tempera- 
ture. 


Through 
the  Water 

and  Starch. 


rhrough  thr 
Water  and 
Eiderdown^ 


Therm,  rose 
from  3%°  to 
aoo^in 


ThcmL 

80°,  v/«. 
frpm  8o<3 
160°,  in 


to 


Seconds. 


1109 


341 


Secondf. 


949 


269 


Through 
stewed 
Apples. 


Seconds. 


10964- 


335 


Through 

pure 

Water. 


Seconds. 


597 


172 


Xiffte  the  Caloric  was  in  passing  out  of  the  Thermometer, 


Tempera-  1 
ture. 

Through    Through  the 
the  '.Vater     Water  and 
and  Starch.    Eiderdown. 

Through 
stewed 
Apples 

.  Through 
pure 
Water. 

Therm,  fell 
from  100° 
1040^  in 

Seconds. 
1548 

Seconds. 
1541 

Seconds. 
1749{ 

Seconds. 
1032 

Therm,  fell 

from  160^ 
to  80S  in 

468 

460 

520 

277 

Now  the  starch  and  eiderdown  diminished  the  fluidity 
of  the  water.  It  follows  from  these  experiifients,  that 
**  the  more  completely-  the  ititernal  motions  of  a  liquid 
are  impeded,  the  longer  is  that  liquid  before  it  acquires 
a  given  temperature."  Therefore,  when  heat  is  ap- 
plied to  liquids,  they  acquire  the  greatest  part  of  theit 

6g2 
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Bode  I.     temperature^  in  comon  cases,  hj  their  carrying  power. 
*   If  liquids  then  be  conductors,  their  condocting  power  is 
but  small  when  compared  with  their  carrjtng  power. 
And  coa-  All  liquids,  however,  are  capable  of  coodncting  cs- 

loric  ;  for  when  the  source  of  heat  is  applied  to  their 
surface,  the  caloric  gradually  makes  its  way  dowuwards, 
and  the  temperature  of  every  stratum  gradually  diou- 
nishes  from  the  surface  to  the  bottom  of  the  liquid.  The 
increase  of  temperature  in  this  case  is  not  owing  to  the 
carrying  power  of  the  liquid.  By  that  power  caloric 
may  indeed  make  its  way  upwards  through  liquids,  but 
certainly  not  downwards.  Liquids,  then,  are  ooodoo- 
tors  of  caloric. 

Count  Rumford,  indeed,  has  drawn  a  difierent  coa« 
elusion  from  his  eSLperiments.  He  fixed  a  cake  of  ice 
in  the  bottom  of  a  glass  jar,,  covered  ^th  inch  thick  with 
cold  water.  Over  this  was  poured  gently  a  consider* 
able  quantity  of  boiling  witer.  Now,  if  water  were  t 
non-conductor,  no  caloric  would  pass  through  the  cold 
water,  and  consequently  none  of  the  ice  would  be  melt« 
ed.  The  melting  of  the  ice,  then,  was  to  determioc 
whether  water  be  a  conductor  or  not.  In  two  houn 
about  half  of  the  ice  was  melted.  This  one  would 
think,  at  first  sight,  a  decisive  proof  that  water  is  s 
conductor.  But  the  Count  has  fallen  upon  a  very  in« 
genious  method  of  accounting  for  the  melting  of  the 
ice,  "  without  being  under  the  necessity  (as  he  telli 
us)  of  renouncing  his  theory,  that  fluids  are  non-con- 
ductors." 

It  is  well  known  that  the  specific  gravity  of  water  u 
bout  40^  is  a  maximum  :  if  it  be  either  heated  above 
40  °,  or  cooled  down  below  40^,  its  density  diminishes. 
Therefore,  whenever  a  particle  of  water  arrives  at  the 
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temperature  of  40%  it  will  sink  to  the  bottom  of  the  Ch^lU^ 
TesseL  Now  as  the  water  next  the  ice  was  at  32%  it 
is  evident,  that  whenever  any  part  of  the  hot  water  was 
cooled  down  to  40®,  it  would  sink,  displace  the  water 
at  32%  come  into  contact  with  the  ice,  and  of  course 
melt  it.  The  Count's  ingenuity,  never  without  resour- 
ces, enabled  ^him  to  prove  completely  that  the  ice  em- 
ployed in  his  experiment  was  actually  melted  in  that 
manner :  for  when  he  covered  the  ice  partially  with 
slips  of  wood,  that  part  which  was  shaded  by  the  wood 
was  not  melted  i  and  when  he  covered  the  whole  of  the 
ice  with  a  thin  plate  of  tin,  having  a  circular  hole  in 
the  middle,  only  the  part  exactly  under  the  hole  was 
melted.  From  these  facts  it  certainly  may  be  conclu- 
ded that  the  ice  was  melted  by  descending  currents  of 
water. 

But  the  point  to  be  proved  is,  not  whether  there 
were  descending  currents,  but  whether  water  be  a  con- 
ductor or  not.  Now  if  water  be  a  non*conductor,  I 
ask.  How  the  hot  water  was  cooled  down  to  40^  ?  Not 
at  the  surface ;  for  the  Count  himself  tells  us,  that 
there  the  temperature  was  never  under  108^  :  not  by 
the  sides  of  the  vessel ;  for  the  descending  current  in 
one  experiment  was  exactly  in  the  axis :  and  it  follows 
irresistibly,  from  the  experiment  with  the  slips  of 
wood,  that  these  descending  currents  fell  equally  upoa 
every  part  of  the  surface  of  the  ice  ;  which  would  have 
been  impossible  if  these  currents  had  been  cooled  by  the 
side  of  the  vessel.  The  hot  water,  then,  must  have  beea 
cooled  down  to  40^  by  the  cold  water  below  it;  conse- 
<|aently  if  must  have  imparted  caloric  to^hiscold  wa« 
ter.  If  so,  one  particle  of  water  is  capable  of  absorb- 
ing caloric  from  another  $  that  is,  water  is  a  ctrndttct^ 
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J?»*  '•      of  caloric.     After  the  hot  water  had  stood  an  hourovef 
the  ice  Its  temperature  was  as  follows  : 

At  the  surface  of  the  ice •••    40^ 

One  inch  above  the  ice  ••••••••••••    80 

Two  inches ••••••••.••••••••  118 

Three  inches •••• •••••    128 

Four  inches •••••  130 

Seven  inches  •••• ••••••«.    131 

How  is  it  possible  to  account  for  this  gradual  dimi- 
nution of  heat  as  we  approach  the  ice  if  water  be  a  non- 
ponductor  ?  The  water,  it  may  be  said,  gives  out  calo- 
ric at  it:>  surface,  falls  down,  and  arranges  itself  accord- 
ing to  its  specific  gravity.  If  so,  how  comes  it  that 
there  is  only  one  degree  of  difference  between  the  tempe- 
rature at  four  and  at  seven  inches  above  the  ice  ?  Thus 
it  appears  that  the  Count's  experiment,  instead  of  de- 
monstrating that  water  is  a  non-conductor,  rather  fa- 
vours ^he  supposition  that  it  is  a  conductor. 

The  Count  tiied  whether  oil  and  mercury  be  con- 
ductors in  the  following  manner:  When  v»ateris  frozen 
in  a  glass:  jar  by  means  of  a  freezing  mixture,  he  ob- 
served, thai  the  ice  first  begins  to  be  formed  at  the 
sides,  ana  gr'ddir.illy  increases  inr  sickness;  and  that 
the  wr.ur  on  the  axis  of  the  vessel,  which  retains  its 
tiiiiciry  iongest,  beini,  compressed  by  the  expansion  of 
the  ice,  ib  ioiced  up\.  ards,  and  v  hei;  completely  irozen 
forms  a  poinlcd  pr(!Jection  or  nipple,  >^hich  is  some 
times  half  nn  incli  l.iijier  than  tl.e  rest  ot  the  ice.  Up- 
on ice  frozen  in  this  •  ^i:'  ncr  he  poured  olive  oil,  pre- 
viously c'v^oltd  down  'o  32^,  till  it  s  ood  at  the  height 
of  thret'  incfies  ahov.  le  ice.  The  vessel  w:is  surround- 
ed as  \W-}i  .«s  the  ict  \\\\\  a  m'.xuuc  ot  pound'  d  icf^  and 
water.     A  solid  cyiiudcr  of  wrought  iron,  1'25  inchm 
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4isimetery  and  12  inches  long,  provided  with  a  hollow  Chap.  It. 
cylindrical  sheath  of  thick  paper^  was  heated  to  the 
temperature  of  210^  in  boiling  water  ;  and  being  sud- 
denly introduced  into  its  sheath ,  was  suspended  from 
the  ceiling  of  the  room,  and  very  gradually  let  down 
into  the  oi],  until  the  middle  of  the  flat  surface  of  the 
hot  iron,  which  was  directly  above  the  point  of  the  co- 
nical projection  of  the  ice,  was  distant  from  it  only  -i^ths 
6f  an  inch.  The  end  of  the  sheath  descended  -yVth  of 
an  inch  lower  than  the  end  of  the  hot  metallic  cylinder* 
Now  it  is  evident  that  if  olive  oil  be  a  conductor,  ca» 
loric  must  pass  down  through  it  from  the  iron  and  melt 
the  ice.  None  of  the  ice,  however,  was  melted  ;  and 
when  mercury  was  substituted  for  oil,  the  result  was 
just  the  same  *. 

From  this  experiment  the  Count  concluded,  that  ne}« 
ther  oil  nor  mercury  are  capable  of  conducting  caloric. 
But  it  is  by  no  means  sufRciently  delicate  to  decide  the 
point.  If  a  thermometer  be  substituted  instead  of  the 
nipple  of  ice,  it  always  rises  several  degrees,  as  I  have 
ascertained  by  experiment ;  consequently  caloric  passes 
downwards  even  in  this  case.  The  experiment,  then, 
is  in  fact  favourable  to  the  supposition  that  these  fluids 
are  conductors. 

Count  Rumford's  experiments  then  do  not  prove  his 
position  that  fluids  are  non-conductors,  but  rather  the 
contrary.  That  they  are  all  in  fact  conductors  of  calo- 
ric, I  ascertained  in  the  following  manner  :  The  liquid 
whose  conducting  power  was  to  be  examined  was  pour- 
ed into  a  glass  vessel  till  it  was  filled  about  half  way ; 


*  Rumford,  Eitay  vii.  Partii.  chap.  i. 
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^  t^n  »  hot  liqoid  of  ft  lott  fpociic  gravity  wMpcNml 
o^ cr  it.  Tbermometerft  wen  placed  at  the  tBrtec^it 
die  centre,  end  at  the  bot|o«  of  the  cold  liqoidi  if  thpi 
reee^  it  followed  thftt  the  Ugoid  waa  a  pondnder^  !•• 
canae  die  caloric  made  ita  waj  downwarda.  For  ia> 
ftanccy  to  examine  the  ooodoctng  power  of  aaeimij,  t 
glass  jar  was  half  iUled  with  tha^  liqaid  metal,  aad  boit 
iDg  water  then  ppiired  over  it»  The  tharmonetcr  ai 
the  Borfioe  began  immrdiatelr  to  riae»  then  the  thct* 
nometer  at  the  centrCf  aad  hitlj  that  at  the  bottoiB. 
The  first  rose  to  |ia%  the  second  to  00%  the  third  to 
SO^ :  the  first  reached  its  flMzimttfa  in  1^  the  secoai 
in  is',  the  third  in  95'.  The  cenducting  power  of  wai 
tar  was  uied  in  the  same  manner,  only  hot  oil  vsi 
poured  over  it.  A  variety  of  precanticata  were  neccs* 
sary  to  ensure  accuracj  ;  but  for  these  I  refer  to  th^ 
experiments  themselves^  which  are  detailed  in  Nicbsl* 
son's  Journal  *• 

These  experiments  have  been  since  confirmed  by  ^ 
very  ingeniously  contrived  and  convincing  experiment 
made  by  Mr  Murray.  To  prevent  tbe  possibility  oJF 
any  beat  being  conducted  by  the  vessel,  be  employed  s 
vessel  of  ice,  which  is  incapable  of  conducting  any  de« 
gree  of  heat  greater  than  32^.  In  this  vessel  he  made 
experiments  of  the  same  nature  with  those  that  I  ban 
]ust  mentioned,  and  the  result  was  the  same.  The  thcr* 
mometer  constantly  rose  upon  the  application  of  a  hot 
body  to  the  surface  of  the  liquid  in  which  the  thermos 
meter  was  standing  f  •  Mr  Dalton  has  likewise  pub- 
lished lately  a  set  of  experiments  almost  exactly  of  thf 


«  KidiolioD*!  JtttrmMlt  hii  5S9«  f  nud.  Sve.  x. 
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same  nature  with  mine,  and  with  the  same  result*  Chap.  11,^ 
From  the  date  affixed  to  his  paper  we  learn,  that  his  ex« 
periments  had  been  made,  and  an  account  of  them  read 
to  the  Manchester  Society  just  about  the  same  time  that 
I  was  drawing  up  an  account  of  mine ;  though  thejr 
were  not  published  till  about  two  jears  after  *« 

Fluids,  then,  as  far  as  experiments  have  been  made^ 
are  conductors  of  caloric  as  well  as  solids.  Hence  it 
follows  that  all  bodies  with  which  we  are  acquainted  are 
capable  of  conducting  caloric. 

1 1.  If  we  take  a  bar  of  iron  and  a  piece  of  stone  of  equal  R«l*thnc 
dimensions,  and   putting  one  end  of  each  into  the  fire,  puwenoir 
apply  either  thermometers  or  our  hands  to  the  other, 

we  shall  find  the  extremity  of  the  iron  sensibly  hot  long 
before  that  of  the  stone*  Caloric  therefore  is  not  con- 
ducted through  all  bodies  with  the  same  celerity  and 
ease.  Those  that  allow  it  to  pass  with  facility,  are  call- 
^  good  conductors  i  those  through  which  it  passes  with 
difficulty,  are  called  bad  conductors. 

The  experiments  hitherto  made  on  this  subject  are 
too  few  to  enable  us  to  determine  with  precision  the 
fute  at  which  different  bodies  conduct  caloric.  The 
subject,  however,  is  of  the  highest  importance,  and  de« 
serves  a  thorough  investigation. 

12.  Metals  are  the  best  conductors  of  caloric  of  all  the  Of  metah. 
solids  hitherto  tried.     The  conducting  powers  of  all, 
however,  are  not  equal.     Dr  Ingenhousz  procured  cy- 
linders of  several  metals  exactly  of  the   same    size, 

and  having  coated  them  with  wax,  he  plunged  their 
fnds  into  hot  water,  and  judged  of  the  conducting  power 


> 


e  Matubistir  Mcmeint  T» 


474^  MOTION  OF 

B'jokl.     offftch  by  the  length  of  vp&x- coating  melted.     From 

'       *  these  experinents  he  conclnded,  that   the  conducting 

powers  of  the  metals  which  he  examined  were  in  the 

following  order*. 
Silver, 
Go^d, 

/  ^     *  i  nearly  e^ual, 

Pl.itinum,1 

Ir^Jii,  \ 

c      I  ^  much  inferior  to  the  others. 

Oh  '.*1,  ] 

Lead.  J 

ptonet,  13.  Next  t  »  metals,  stones  seem    to  be  the  best  con- 

ductois  ;  but  IN"  property  varies  considerably  indif- 
ferent stones.  Brlckb  are  much*  worse  conductors  than 
most  stojits. 

pla»»i  14.  Cias'i  seems  not  to  differ  much  from  stones  in  its 

cop.ciiKtiT  .^  ])o\vcr.  Like  them,  it  is  a  bad  conductor. 
T''is  is  tlie  reason  that  it  is  so  apt  to  crack  on  being 
Muicenly  luateci  or  ccoled.  One  part  of  it,  receiving  or 
parting  with  its  ealorie  befcre  tbe  rest,  expands  or  con- 
tracts, and  de«^rrc.vs  the  cohesion. 

^'oodfl.  J  -     Ktxt    to  tbese   come   dried   woods.      Mr  Mev- 

er  t  has  m  ;de  a  set  of  experiments  on  the  conducting 
power  of  a  considerable  number  of  woods.  The  result 
may  be  seen  in  tl  e  following  Table,  in  which  the  con- 
ducting power  ot  water  is  supposed  =:  1. 

rower. 
Water .•......•••••  =  I'OO 

Diasp' ruh  cbe'uini  , , zn  2*17 


•  y:;r.  J.'  Pbys.  I  789,  p.  68.  f  Ann.  dc  Ci'im,  XXX.  ^Z. 
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Bodie..  ^^^^,f«  ^iJh 

Pyrus  malus  •••• • =  2*74 

Fraxinus  excelsior  -=  3*08 

Fagus  sylvatica  •••••• •••  =  3*21 

Carpinus  betulus =  3*23 

Prunus  domestica  ••• =  3*25 

Ulmus • =  9*25 

Quercusroburpedunculata  ••••••  =  3*26 

Pjrus  communis =  3*32 

Betula  alba  ••••• •••  =  3*41 

Quercus  robur  sessilis. =  3*63 

Pinus  picea  ••• •••••• =  3*75 

Betula   alnus   =  3*84 

Pinus  sylvestris =  3*86 

Pinus  abies ••• =  3*89 

TileaEurojyea ••••••••••r.  i=  3*90 


I 


Charcoal  is  also  a  }0i  conductor  :  According  to  the  Charcoal^ 
experiments  of  Morvean,  its  conducting  power  is  to  Sa/^ 
that  of  fine  sand  :  :  2  :  3  *.  Feathers,  silk,  wool,  and 
hair,  are  still  worse  conductors  than  any  of  the  sub* 
stances  yet  mentioned.  This  is  the  reason  that  they 
mnswer  well  for  articles  of  clothing.  They  do  not  al- 
low the  heat  of  the  body  to  be  carried  off  by  the  cold 
external  air.  Count  Rumford  has  made  a  very  ingeni* 
ous  set  of  experiments  on  the  conducting  power  of  these 
substances  f.  He  ascertained  that  their  conducting 
power  is  inversely  as  the  fineness  of  their  texture. 

16.  The  conducting  power  of  liquid  bodies  has  not  ^^^tivc 
been  examined  with  any  degree  of  precision.     1  fir.d   r         « ' 


li 


»  Ann.de  Clim,XXJU  115 .  t  ^^'^«  Trans*  170: 
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Book!,      by  experiment^  that  the  relative  coadacting  powers  of 
mercurji  water,  and  linseed  oil,  are  as  follow  : 

I.  EqjJAL  Bulks. 

Water .,  =  1 

Mercury  •••••••••  =z  2 

Linseed  oil •  =  I'lli 

II.  Eqjjal  Weights. 

Water ••• =r  l 

Mercury •••••••  =  4*8 

Linseed  oil  •..•••.••  =r  1-0S5 

OTguet.  17.  With  respect  to  gaseous  bodies,  it  is  well  knowi 

that  bodies  cool  much  more  slowly  in  them  than  in  li- 
quids. But  as  the  cooling  of  hot  bodies  in  gases  i%  pro- 
duced by  a  variety  of  causes  besides  the  conducUBg 
power  of  these  fluids,  it  is  diflipilt  to  form  an  estimate 
of  their  relative  intensities  as  conductors  from  the  time 
that  elapses  during  the  cooling  of  bodies  in  them. 
Count  Rumford  found  that  a  thermometer  cooled  ncar« 
ly  four  times  as  fast  in  water  as  in  air  of  the  same  tem- 
perature ;  but  no  fair  inference  can  be  drawn  from  that 
experiment,  as  it  is  known  that  the  rate  of  cooling  va- 
ries with  the  temperature  much  more  in  water  than  in 
air  *.  The  same  philosopher  ascertained^  that  rarefac- 
tion diminished  the  conducting  power  of  air,  and  that 
hot  bodies  cool  slowest  of  all  in  a  Torricellian  vacuum. 
Mr  Leslie  was  enabled,  by  the  delicacy  of  his  instru- 
ments, to  examine  the  conducting  power  of  gases  with 


*  rtiL   Traiu,  1786. 
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more  precision  than  had  been  previously  done.     Tlie     Chap.  ii. 
following  are  the  facts  which  he  ascertained* 

The  conducting  power  of  all  gases  is  diminished  bj 
rarefaction.  He  has  endeavoured  to  deduce  from  his 
experiments,  that  the  conducting  power  of  air  is  nearly 
proportional  to  the  fifth  root  of  its  density.  But  Mr 
Dalton  has  rendered  it  probable  that  it  varies  nearly  as 
the  cube  root  of  its  density. 

Vapours  of  all  kinds,  and  every  thing  that  has  a  ten- 
dency to  dilate  air,  diminish  its  conducting  power. 

The  conducting  powers  of  common  air,  oxygen,  and 
azote,  are  nearly  equal.  The  conducting  power  of  car- 
bonic acid  gas  is  rather  inferior  to  that  of  air  ;  but  bo- 
dies cool  in  hydrogen  gas  more  than  twice  as  fast  as  in 
common  air.  By  analysing  the  process  of  cooling,  and 
ascertaining  that  the  radiation  is  the  same  in  air  and 
hydrogen  gas,  Mr  Leslie  has  rendered  it  probable  that 
the  conducting  power  of  this  gas  is  four  times  as  great 
as  that  of  air  *. 

Mr  Dalton  has  lately  investigated  the  rate  of  cooling 
of  hot  bodies  in  different  gases.  He  filled  a  strong 
phial  with  the  gas  to  be  examined ;  introduced  in- 
to it  a  delicate  thermometer  through  a  perforated 
cork,  and  observed  the  time  it  took  to  cool  15^  or  20^. 
The  following  Table  exhibits  the  result  of  his  trials  f* 

-.  Time  of 

^^  Cooling. 

Carbonic  acid^   ••• 112'' 

Sulphureted  hydrogen,  1 
Nitrous  oxide^  ^ ...  100-{- 

Olefiant  gas,  J 


*  Leslie*!  Uquiry  im*^  the  Nature  tf  Heat,  p.  47J. 
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^  Time  of 

^^^-  ^  Coolmg, 

Common  air. 

Oxygen^  >- 100 

Azotic  gaSy 

Nitrous  gas ••••      90 

Gas  from  pit-€o«I 70 

Hydrogen  gas 40 


SECT.  III. 


OF   THB   E(UJAL   DISTRIBUTION   OF    TEMPERATURE. 


Contiguoui 
bodies  as- 
sume the 
sametem- 
pcratare. 


\Ve  have  seen^  in  the  precedbg  Section^  that  caloric 
is  capable  of  moving  through  all  bodies^  though  with 
different  degrees  of  facility.  The  conseqaence  of  this 
property  is  a  tendency  which  it  has  to  distribute  itself 
among  all  contiguous  bodies  in  such  a  manner^  that  the 
thermometer  indicates  the  same  temperature  in  all. 

1.  We  can  easily  increase  the  temperature  of  bodies, 
whenever  we  choose,  by  exposing  them  to  the  action  of 
our  artificial  fires.  Thus  a  bar  of  iron  may  be  made 
red  hot  by  keeping  it  a  sufficient  time  in  a  coromoa 
fire  :  but  if  we  take  it  from  the  fire,  and  expose  it  to 
the  open  air,  it  does  not  retain  the  heat  which  it  bad 
received;  but  becomes  gradually  colder  and  colder,  till 
it  arrives  at  the  temperature  of  the  bodies  in  its  neigh- 
bourhood. On  the  other  hand,  if  we  cool  down  the 
iron  bar,  by  keeping  it  for  some  time  covered  with 
snow,  and  then  carry  it  into  a  warm  room,  it  does  not 
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retain  its  low  temperature,  but  becomes  gradually  hot-  Chap.  If. 
ter,  till  it  acquires  the  temperature  of  the  room.  Thus 
It  appears  that  no  body  can  retain  its  high  temperature 
ivhile  surrounded  by  colder  bodies,  nor  its  low  tempe- 
rature while  it  is  surrounded  by  hotter  bodies.  The 
caloricy  however  combined  at  first,  gradually  distributes 
itself  in  such  a  manner,  that  all  contiguous  bodies,  when 
examined  by  the  thermometer,  indicate  the  same  tem- 
perature. These  changes  occupy  a  longer  or  a  shorter 
time,  according  to  the  size  or  the  nature  of  the  body; 
but  they  always  take  place  at  last* 

This  law  is  familiar  to  every  person.  When  we  wish 
to  heat  any  thing,  we  carry  it  towards  the  fire ;  whea 
we  wish  to  cool  it,  we  surround  it  by  cold  bodies.  The 
caloric  in  this  last  case  is  not  lost ;  it  is  merely  distri- 
buted  equally  through  the  bodies.  When  a  number  of 
substances  are  mixed  together,  some  of  them  cold  and 
some  of  them  hot,  they  all  acquire  the  same  tempera- 
ture ;  and  this  new  temperature  is  a  mean  of  all  the 
first  temperatures  of  the  substances.  Those  which  were 
hot  become  colder,  and  those  which  were  cold  become 
^  hotter.  This  proprrry  of  caloric  has  been  called  by  phi- 
losophers the  equilibrium  of  caloric  ;  but  it  might,  with 
greater  propriety,  be  denominated,  the  equal  distrihu" 
tio/i  of  temperature, 

2.  From  the  experiments  of  Kraft  and  Richmann  *,   Lawof  tlw 
made  with    much   precision,  and  upon  a  great  number   c^lln^of 
of  bodies,  the  following  general   conclusion   has  been   ^^^ 
drawn.     "  When  a  body  is  suspended  in  a  medium  of 
a  temperature  different  from  its  own,  the  difference  be* 


•  N§v,  Comm,  Pctrtf,  i.  1 95 
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^.^.  \    twcn  the  tcmpentor^  of  the  bodj  wmd  t^jMednuii 
i__  L        ■linisbet  ia  i^  geometricd  ratio^  w^ife  th^fihueJMp 

■  •  _ 

•ti b  an  ariUimetieel  mio.'*  Or^  *?  *!■  gives  ■■ 
timet  the  beet  leet  it  efaveye  pnipoitiiiiial  to  Ae  I 
femainiiig  in  the  body.**  Thie  law  ha4  liccii  fini« 
getted  bj  Sir  laeee  Neirloa^  who  celooleaei  bjr  m 
of  it  levenl  tempentaret  above  tha  aaefeaf  dM 
laetert  t« 

The  calorie  which  leavet  hot  bodies  till  Aqf 
tedaeed  to  the  temperatare  of  the  anbstaaoea  an 
theoiy  is  partly  oondaiBted  awaj  by  the  lafToaadfaf  i 
diuiDt  partly  abstracted  by  currents  produced  ai  ^ 
flMdioiB  (supposing  it  fluid),  and,  *  ia  the 


-I 

f  Thb  propiafan  ippCct,  perhaps  itrktly  only  ta  ftodfatMl 
dk-  Ltt  J5fbethelfltiptfHirtrfak»bodyabo^tl»aoaiii 
JitslHtfriMitiBaatarinste.    It  ioiloir^hfrpai  tfia  bv^  «Mrf  J 

teit,tlacattlicaid«r«Biiinitea,tlM  ttaipeiiintrc  will  be  H  (^ 
andatthecfidof  wminiitetH^— r^j  .    Sappoting  these 


tutt%  found  by  eiperixne&t,  tod  that  the  fira  is  =:  ^,  mj  ^  | 
Tz  B  t  from  theae  two  cquatioiM  we  obtain 


i.H=— ;;r-,orLoj.  H=:-l-  («  Log.  if— «,  JL^p.  SJ. 


"="(•-§1^) 
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i  r  =  rate  of  cooling  s:  (T  j 

Loy.  if  —  Leg,  ff. 

""  Log.  if— Trf—  Log.  «. 
£re  Nid  ohoa'a  ^iMn»  /mt.  L  187. 
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tputly  radiaWj  from  the  surface  of  ihe  hot  body.     The     Cha^.p. 
Jijirocess  of  cooling,  both  in  air  andin  water,  hat  been    Conllti^ 
^.loalysed  with  much  address  and  success  bj  Mr  Leslie,    '^ 
q, 'though  he  has  neglected  to   notice  the  labours  of  his 
j^^redccessors  in  that  investigation.     The  following  facts 
_^  Irave  been  ascertained. 

The  effect  of  the  conducting  power  depends  upon  the   The  con- 
medium,  and  ii  therefore  constant,  suppoung  the  lem-    powerf 
^'  peratures  and  the   medium  constant;  but  it  gradually 
diminishes  as  the  temperature  of  the  hot  body  approacb- 
ei  that  of  the  medium.  ' 

The  effect  of  radiation  depends  upon  the  surface  of  The  ndii* 
the  hot  body,  and  is  therefore  constant  when  the  same         ' 
-surface  is  heated  to  the  same  degree  :   but,  like  the  con- 
ducting power,  it  diminishes  as  the  hot  body  approaches 
I*    to  the  temperature  of  the  medium.     Radiation,  being 

*  conSned  to  cooling  in  clastic  mediums,  does  not  operate 

*  when  the  hot  body  is  surrounded  by  li({uids. 

'  That  portion  of  the  medium  which  is  in  contact  with    Aadan- 

,  the  hot  body  receiving  a  certain  portion  of  its  heat,  ac- 
j  quires  ■  different  density,  and  in  consequence  gives  place 
to  a  new  portion,  which,  being  heated  in  its  turn,  follows 
the  preceding  portion  ;  and  in  this  manner  a  current  is 
produced,  which  very  much  accelerates  the  rate  of  cool- 
ing. It  is  obvious,  that  the  velocity  of  this  current 
ivill  be  Ihe  greater  the  higher  the  temperature  of  the 
hot  body  is.  Hence  the  effect  of  these  artificial  currents 
will  diminish  as  the  temperature  of  the  hot  body  ap- 
proaches that  of  the  me<lium. 

If  these  currents  be  artificially  increased,  it  is  obvi- 
ous that  the  rate  of  cooling  will  be  proportionably  ac< 
celerated.     Hence  the  effect  of  winds  in  cooling  hot  bo- 
dies.    From  Mr  Leslie's  experiments  it  appears  that^ 
yhl.  I.  H  h 
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Book  I.  other  thiniijs  bein?  the  same,  the  rate  of':CooliBr  is  it 
W  ^  '  ways  propoitional  to  the  TelocUj  of  the  current,  or, 
which  is  the  same  thtni^^  to  the  velocity  with  which  tk 
hot  body  moves  through  the  cold  cncdiuic.  Thus  i 
hot  bally  that  iu  calm  air  cooled  down  a  certaio  numlMr 
of  degrees  in  120',  when  moved  in  the  s&nne  air  nii 
diSerci.t  v.locities^  lost  the  SPine  quaii/^ty  of  heat  ia 
times  uhich  diminished  as  tie  velocity  increased,  ts 
will  be  obvious  from  the  following  Table: 

Velocity.  Time  of  conling. 

64  feet  per  second  ••••••  oO' 

20... ..ao 

60 12 

When  the  ordinary  influence  of  cooling  is  deducted|  the 
acceleration  of  coo^'ug  in  tlicse  degrees  is  found  to  in- 
crease exactly  as  the  velodiy*. 
Attcmptnto       ^*  ^^  'OO"  B^  ^^  ^^*  discovered  that  contiguous  bo- 
r'^ihbr'I^    dies  a!>sume  the  same  temperature^  varioas  attempts 
ijf:h€at         were  made  by  ph'losophersto  account  for  the  fact.    De 
Mairan,  and  othtr  wii^ers  in  the  earner  part  of  the  IStb 
century,  explained  it,  by  supposing   that   caloric  is  s 
"^  fluid  which  pervades  all  space,  and  that  bodies  merclj 

float  in  it  as  a  sponge  does  in  water,  wi:hout  having  aoj 
aflinity  for  ii  wliatever.  The  consequence  of  all  this 
was  a  constant  tendency  to  an  equality  of  density.  Of 
cour<.e,  if  too  much  caloric  is  accumulated  in  one  bodr* 
it  must  fl  )w  out  ;  if  too  little,  it  must  flow  in  till  the 
equality  ot  density  be  restored. 

This  hypothesis  is  inconsistent  with  the  phenomena 
w  hich  it  is  intended  to  explain.    Were  it  true,  all  bodies 
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0  heat  and  to  cool  with  the  same  facility  ;  and     Ch»p.  (I. 

e  heal  ought  to  coniinue  as  long   in   the  focus  of  a  ' 

burning  glass  as  in  a  globe  of  gold  of  the  same  diame- 
ter.    It  is  equally  inconsistent  with  the  nature  of  calo- 
ric ;  which  has  been  shown  in  the  first  Section  of  ihii         ' 
ChapTer,  to  be  a  body  very  diSi;TeDt  from  the  hypothe- 
tical lluid  of  De  Mairan. 

5.  Another  explanation  of  the  equal  distribution  of  Hrpothcti) 
temperature,  and  a  much  more  ingenious  one,  was  pro-  " 
posed  by  Mr  Pictct,  According  to  this  philosopher, 
when  caloric  is  accumulated  in  any  body,  the  repulsion 
between  its  particles  is  increased,  because  the  distance 
between  them  is  diminishfcd.  Accordingly  they  repel 
each  other  ;  and  this  causes  them  to  fly  off  in  every  di- 
rection, and  to  coniinue  to  separate  till  they  are  oppo- 
sed by  caloric  in  other  bodies  of  ibe  same  relative  den- 
sity with  themselves,  which,  by  repelling  them  in  its 
turn,  compels  ihem  to  continue  where  they  are.  The 
equal  distribution  of  temperature  therefore  depends  on 
the  balancing  of  two  opposite  forces  :  the  repulsion  be- 
tween the  panicles  of  caloric  in  the  body,  which  tends 
to  diminish  the  temperature  ;  and  the  repulsion  between 
the  caloric  of  the  body  and  the  surrounding  caloric, 
which  tends  to  raise  the  temperature.  When  the  first 
force  is  greater  than  the  second,  as  is  the  case  when  the 
lemperalure  of  a  body  is  higlier  than  that  of  the  sur- 
rounding bodies,  the  caloric  flies  off,  and  the  body  bo. 
comes  colder*  When  the  last  force  is  stronger  than 
the  first,  as  is  the  case  when  a  body  is  colder  than  those 
which  are  around  it,  the  particles  of  its  caloric  are  obli- 
ged to  approach  nearer  each  other,  new  caloric  enters 
to  occupy  the  space  which  they  had  left,  and  the  bodj 
becomes  hotter.  When  the  two  forces  'arc  equal,  tha 
Hh  2 


bodlcf  are  «id  to  be  of  the  same  tenpentore,  and  m 

J  change  tak.cs  place  *. 

But  this  theory,  nonriibitaQding  its  ingcnaily,  it  is- 

consitlent  with  the  phenomena  of  the  heatiae  and  ceeU 

iag  of  bodies,  and  hat  accordinglj  beea   abandooej  %j 

the  ingenious  author  himself. 

t.        6-  Tbe  opinion  at  present  most  generally  receind, 

>od  which  accauntt  for  the  phenomena   in  the  moH  a^ 

tiafaelof^  manner,  ii  that  of  Prevoai,   first  pnbliilMd 

in  the  Joamal  de  Phyiiqui  for  1 19 1,  in  ao  essajr  ob  ik 

tqmilihnamof  ealorie  ;  and  afterwards  detailed  atgreA- 

er  length  in  his  Rerierebei  mr  ia  Chai<mr\.      It  was 

.  Men  after  adopted  by  Mr  Plctett,  and  haa  beea  latdj 

applied   by  Prevost  with   much  addreis  to  the  expoi* 

I  of  Herschcl  and  Pictetf.     Accordttig    to  Ilia, 

caloric  ii  a  duerete  fluid,  each  panicle  of  which  mwei 

with  enormoui  reloeity  when  in  a  stale  of  liberty.    Hot 

■bodies  emit  calorific  rays  in  oil  directions ;  but  its  pM- 

'liclet  are  at  such  a  distance  from  each  other,  that  vm- 

ccn  onrrests  may  cross  each  other  without  diatorbiaf 

e  another,  as  is  the  case  with  light.    The  cooaequeMa 

<•£  this  must  be,  that  if  we  suppose  two  neighbaimnj 

I   "Spaoet  in  which  caloric  abounds,  ihere  must  be  a  ccb- 

J  eachange  of  caloric  between  these  two  apoces.   If 

:  abounds  equally  in  each,  tbe  interchanges  will  bi- 

latice  each  other,  and  (he  tempecaiore  will  continue  tbe 

same.    If  one  contains  more  than  the  other,  the  exchaa- 

ges  must  be  unequal ;  and  by  a  continual  repetilioo  o( 
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-this  incqoalitj,  the  equilibrium  of  temperature  must  be  .  Chap.  P. 
restored  between  them. 

If  we  suppose  a  body  placed  in  s  medturo  hotter  than 
itself,  and  the  temperature  of  that  medium  constant,  we 
may  consider  the  caloric  of  the  medium  as  consisting  of 
two  parts  ;  one  equal  to  that  of  the  body,  the  other 
equal  to  the  difference  between  the  temperstture  of  the 
two.  The  first  pari  may  be  left  out  of  view,  as  tta  ra- 
diations will  be  counterbalanced  by  those  of  the  body. 
The  excess  alone  requires  consideration  ;  and  relatively 
to  that  excess  the  body  is  absolutely  cold,  or  contains 
no  caloric  whatever.  If  we  suppose  that  in  one  second 
the  body  receives  ^th  nf  this  excess,  at  the  end  of  the 
first  second  the  excess  will  be  only  i^lhs.  One  tenth 
of  this  excess  will  pass  into  the  body  during  the  next 
second,  and  the  excess  will  be  reduced  to  ,'-^  of  ^,  or 
(,%)'.  At  the  end  of  the  third  second,  the  excess  will 
be  (iTf)'  i  at  the  end  of  the  fourth,  (ii)*  ;  and  so  on  : 
the  lime  increasing  in  an  arithmetical  ratio,  while  the 
excess  diminishes  in  a  geometrical  ratio,  according  to 
.  Richmann's  rule. 

Such  is  a  sketch  of  Prevost's  theory.  It  is  founded 
altogether  upon  the  radiation  of  caloric,  and  leaves  the 
effect  of  the  conducting  power  of  bodies  out  of  sight.  ' 

The  reality  of  the  radiation  cannot  be  doubted ;  and  it 
is  exceedingly  probable  that  the  equal  distribution  of 
temperature  is  the  consequence  of  it.  Were  caloric  mer^ 
ly  conducted,  its  progress  would  be  excessively  slow, 
and  indeed  absolute  equality  of  temperature  would 
scarcely  ever  take  place.  At  the  same  time,  it  must 
be  allowed  ihal  this  properly  of  bodies  has  very  consi. 
flerable  influeicc  in  regulating  the  time  which  elspset 

fore  the  temperature  of  contiguous  bodies  is  brought 
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BodE  I.  to  eqmlity ;  and  in  lo  fitr  at  Mr  Prerost's  faypothcsti 
overlooks  this  circumstance^  which  obviously  depends 
upon  the  affinity  existing  between  caloric  and  other  bo* 
diesy  it  must  be  considered  at  imperfect. 


SECT.  IV, 

OF  THE  EFFECTS  OF  CALO&IC* 

Having  in  the  preceding  Sections  considered  the  na- 
ture of  caloricy  the  manner  in  which  it  moves  throogk 
other  bodies,  and  distributes  itself  among  them  ;  let  as 
now  ezaminey  in  the  next  place,  the  efiects  which  it 
produces  upon  other  bodies,  either  by  entering  into 
them  or  separating  from  them.  The  knowledge  qf 
these  effects  we  shall  find  of  the  greatest  importance, 
both  on  account  of  the  immense  additional  power  which 
it  puts  into  our  possession,  and  of  the  facility  with 
which  it  enables  us  to  comprehend  and  explain  many  of 
the  most  important  phenomena  of  nature.  The  effects 
which  caloric  produces  on  bodies  may  be  arranged  un- 
der three  heads,  namely,  1.  Changes  in  bulk ;  2.  Changes 
in  state ;  and,  3.  Changes  in  combination.  Let  us  con- 
sider these  three  sets  oi  changes  in  their  order* 

I.     Of  Changes  in  Bulk. 

lUpuiiIon.  It  may  be  laid  down  as  a  general  rule  to  which  there 
is  no  known  exception,  that  every  addition  or  abstracr* 
tion  of  caloric  m^kps  a  corresponding  change  in  th^  bulk 


CALORtC. 

•f  the  hoAj  which  has  been  su>  jpcted  to  this  alteration  Chip^n. 
in  i<<e  qua  iHy  of  i's  b.nl.  In  general,  the  addition  of 
lietii  tnuesKS  the  bulk  of  a  body,  and  the  abstraciiaa 
of  i[  d'mitiishcs  its  bulk  ;  bur  this  is  noi  unirormly  the 
case,  ihodgh  ihe  cxccplioni  are  not  numerous.  Indeed 
th«e  excepiions  arc  no;  o.nly  coiifincd  to  a  verj  simall 
number  of  bodice,  but  even  in  ihtm  they  do  i^ot  hold, 
cxKpt  SI  c^-r'^iM  pjiiiculHr  (emperamres;  while  at  all 
other  l<'in|jei.;.u  es  these  bodies  are  iiicicased  in  bulk 
when  heated,  and  diminished  in  b.ilk  bj'  being  cooled. 
We  may  theretoic  coiisit.er  exfamiart  as  one  of  the 
moat  general  efi'LCts  ol  heat.  It  is  tLriainly  one  of  the 
ino&l  imponani,  as  it  has  fuir.ijhed  us  wiih  the  means  of 
measuring  all  the  others.  Lei  us,  m  the  first  plftce,  con- 
sider the  phenomena  of  expansion,  and  il  en  turn  our  at- 
tention to  the  e\ct:plions  which  bdve  been  observed. 

1.  Though  all  b.idies  are  expanded  by  heat  and  con-  ] 
traded  by  cold,  and  (his  ejcpansion  in  the  same  body  is  J 
always  propotiional  to  some  function  of  the  quantity 
of  cabric  added  or  absir.icied  i  yrt  (be  absolute  expan- 
sion or  coiitraction  has  been  found  lo  dilTer  exceeding- 
ly in  diSeren(  bodies.  In  general,  the  cxpauiion  of 
gaseous  bodies  is  greatest  of  all ;  that  of  liquids  is  much 
smaller,  and  that  of  soUds  the  smallest  of  all.  Thus, 
luu  cubic  inches  of  atmospheric  atr,  by  being  healed 
from  (he  temperature  of  32°  to  that  of  212",  are  iu- 
crcased  to  137  3  cubic  inches  i  while  the  sameaugmen- 
'taiion  of  temperature  only  makes  lOO  cubic  inches  of 
water  assume  the  bulk  of  104'5  cubic  incties  :  and  lOu 
cubic  inches  of  iron,  when  heated  from  i2  to  212', 
a&sume  a  bulk  scarcely  exceeding  lOCJ'l  cubic  inchei. 
From  this  example,  we  see  that  the  expansion  of  air  it 
nwe  than  eight  times  greater  than  that  of  water ;  and  the 
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B°^k  <•     «xp«nsion  of  water  about  45  times  greater  tluu  tbitd  I 

>  — y.        iron. . 

Eipatiuon  a.  An  accurate  knowledge  of  the  expansion  of  p. 

seoufi  bodies  being  frequentljr  of  great  importance  it 
chemical  researcbcs,  maoy  experinenta  have  been  mak 
to  ascertain  it ;  yei,  til)  lately,  the  problem  was  tiB> 
solved.  The  results  of  philosophers  were  so  wiiHl 
and  discordant,  that  it  was  imposaible  to  form  aaj  tp^ 
eion  oQ  the  subject.  This  was  owing  to  the  wani  of 
aiiflicient  care  id  excluding  water  from  tbevessdiil 
which  the  expansioD  of  the  gases  was  measured.  Tb 
heat  which  was  applied  converted  portions  of  this  m> 
tcr  into  v&pour,  which,  mixing  with  the  gas,  totaUr  £»• 
guised  the  res]  changes  in  bulk  which  it  had  muirr- 
gone.  To  this  circumstance  we  are  to  ascribe  ibe  iH- 
fercncer  in  the  determinations  of  Deluc,  Geoeral  Rot, 
Sauswre,  Divemois,  &c.  Fortunately  this  point  hii 
lately  engaged  the  attention  of  two  very  ingenious  aid 
precise  philosophers  i  and  their  experiments,  made  witii 
the  proper  precautions,  have  solved  ihc  problem.  Tht 
experiments  of  Mr  Dalion  of  Manchester  were  read  la 
the  Philosophical  Society  of  Manchester  in  October 
1801,  and  published  early  in  ISOi  *,  To  him  (here- 
fore  the  honmir  of  the  discovery  of  the  lai^of  the  diit- 
tation  of  gaseous  bodies  is  due :  for  Mr  Gay  Lussac  did 
not  publish  his  dissertation  on  the  expansion  of  the 
gases  t  till  more  than  six  months  after.  Mr  Dali«a't 
experiments  are  distinguished  by  a  simplicity  of  apps- 
ratus,  which  adds  greatly  to  their  value,  as  il  puts  it  id 
the  power  of  others  to  repeat,  ihem  without  .difficaltr. 
Itconsisu  merely  of  a  glass  tube,  open  at  otie  end,  ui 


-  Mfttoltr  MttHir.,  -r.  jjj.  (  A..  A  Ctm.  aUiL  l|:. 


ExrAKiioir.  4S9 

divided  into  equal  parts;  ihe  gas  to  be  exanined/nias  Chap.  11 
inlrodurfd  iiiio  it  after  being  picperly  drini,  and  the 
tube  it  filled  w  iih  mrrcury  al  (he  open  end  to  a  gtvea 
point;  lient  is  ll:cn  applied,  and  the  dilatation  is  ob- 
served by  llic  quantitT  ot  mcrcurj  which  is  pushed  out. 
Mr  Guy  Lussac's  Rjigau'tus  is  more  complicated  but 
ec^ually  precise  ;  and  a^ki  rxperinients  were  made  on 
larger  bulks  of  air,  iheir  coitx  'lience  with  those  of  Mr 
Dallon  adds  considerably  to  the  confidence  which  mtty 
be  placed  in  the  results. 

From  the  eupcrimentsof  these  philosophers  it  follows,  The  Bine 
that  all  gaseous  bodies  whatever  undergo  the  jom^  ex-  ""*"■ 
pansion  by  the  same  addition  of  heat,  supposing  them 
placed  in  the  same  circumstances.  It  is  suflicient,  then, 
to  ascertain  the  law  of  expansion  observed  by  anyone' 
gaseous  bkdy,  in  order  to  know  the  exact  rate  of  dilata- 
tion of  them  aif.  Now,  from  the  experiments  of  Gay 
Lussac  we  learn,  that  air,  by  being  heated  from. 32^  to 
212°,  expands  from  100  to  13T5  parts:  the  increase 
of  bulk  for  130°  is  then  37'3  parts  ;  or,  supposing  the 
bulk  at  32°  to  be  unity,  the  increase  is  equal  to  0'375 
parts  :  this  gives  us  O-O0'208,  or  j^th  part,  for  the  ex- 
pausion  of  air  for  1°  of  the  thermometer.  Mr  Dallon 
feund  that  lOO  parts  of  air,  by  being  heated  from  55° 
.  to  2I2°»  expanded  to  132*5  parts  :  this  gives  us  an  ex- 
pansion of  0-00207)  or  3^yd  part,  for  1^  {  which  differs 
ta  little  from  the  determination  of  Lussac  as  can  be  ex- 
pected in  experiments  of  such  delicacy. 

From  the  experiments  of  Mr  Dalton,  it  appears  that   And  neuta 
tbe  expansion  of  air  is  almost  perfectly  equable  ;  that  is  M"*'''^ 
Co  say,  that  the  same  increase  of  bulk  takes  place  by  the 
tune  addition  of  caloric  at  all  diHerent  temperatures. 
It  is  true,  iudeed,  that  the  rate  of  diminution  appears  to 
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dimmidi  it  the  temperature  increases.  Thus  the  es« 
pantion  from  55^  to  133TSorfor  the  first  71*  degrfe% 
wasl67  parts;  while  theexpansioa  from  13i^  to  212^ 
or  for  the  next  71|^t  ^^  ^^^7  ^^^  parts,  or  nine  parts 
less  than  the  first.  But  this  difference,  in  all  likeli- 
hood, is  chiefly  apparent;  for  Deluc  has  demonsti ated, 
that  the  thermometer  is  not  avaccarate  measure  of  the 

m 

increase  of  heat.  Indeed  Mr  Dalton  has  shown  thst 
the  expansion  of  air  follows  a  regular  geometrical  pro- 
gression, if  we  suppose  that  mercury  expands  as  the 
square  of  the  temperature  from  the  iretziog  point* 

From  the  experiments  of  Gay  Lussac,  it  appears  that 
the  steam  of  water,  and  the  vapour  of  ether,  undergo  the 
same  dilation  with  air  when  ihe  same  addition  is  ms^de 
to  their  temperature.  We  may  conclude,  then,  that  all 
elastic  fluids  expand  equally  and  uniformly  hy  heat ; 
The  following  Tahle  gives  us  nearly  tiie  bulk  of  a 
given  quantity  of  air  at  all  temperatures  from  32^  to 
2W. 
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3.  The  expansion  of  liquid  bodies  differs  from  tha 

of 

the  elastic  fluids,  nol  only  in  quantity,  but  in  the  want 

of  uniformity  with  which  they  expand  when  equal  addi- 

tions are  made  lo  the  temperature  of  each.     This  diSe. 

lence  seems   lo  depend  upon  the  fixily  or  volatility  of 

the  component  parts  of  the  liquid  bodies  ;  for  in  gene- 

ral, those  liquids  expand   most  by  a  given  addition  of 

Not  Ml* 

heat,  whose  boiling  lemperalurcs  are  lowest,  or  which 

t                _ 
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Bodb  r.  contain  in  them  an  inrredient  which  readilr 
Wii  y  jt  the  gaseous  form.  Thus  mercury  expands  mndika 
when  heated  to  a  given  temperature  than  water,  wldd 
boils  at  a  heat  much  inferior  to  mercury  ;  and  alooU 
rs  much  more  expanded  than  water,  because  its  hoiliif 
temperature  is  lower.  In  like  manner,  nitric  add  is 
much  more  expanded  .than  sulphuric  acid  ;  sol  oilj 
because  its  boiling  point  is  lower,  but  because  a  portifli 
*  of  it  has  a  tendency  to  assume  the  form  of  an  dntic 
fliud^  This  rule  holds  at  leas^  in  all  the  liquids  wiioie 
expansion  I  have  hitherto  tried.  We  may  considei  it 
therefore  ns  a  pretty  general  fact,  that  the  higher  tk 
temperature  necessary  to  cause  a  liquid  to  boil,  tbe 
smaller  the  expansion  is  which  is  produced  by  the  ad- 
dition of  a  degree  of  heat ;  or,  in  other  words,  the  ex- 
pansibility of  liquids  is  nearly  inversely  as  their  boiliog 
temperature. 

4.  Another  circumstance  respecting  the  expansion  of 
liquids  deserves  particular  attention  :  The  expansibility 
^"u^-  of  every  one  seems  to  increase  with  the  temperature; 

or,  in  other  words,  the  nearer  a  liquid  is  to  the  tempe- 
rature at  which  it  boils,  the  greater  is  the  expandoa 
produced  by  the  addition  of  a  degree  of  caloric  :  aod, 
on  the  other  hand,  the  farther  it  is  from  the  boiUng 
temperature,  the  smaller  is  the  increase  of  bulk  produ- 
ced by  the  addition  of  a  degree  of  caloric.  Heneeit 
happens,  that  the  expansion  of  those  liquids  approaches 
nearest  to  equability  whose  boiling  temperatures  are 
highest;  or,  to  speak  more  precisely,  the  ratio  of  tbe 
expansibility  increases  the  more*  slowly  the  higher  the 
boiling  temperature  is. 
UncoBiiect.  5.  These  observations  are  sufficient  to  show  us,  that 
their  dim-     ^^^  expansion  of  liquids  is  altogether  unconnected  with 

titj. 


ith  the 
tcmpcn- 
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their  denuty*    It  depeads  upon  the  quantity  of  heat  tie-     Cha^  K. 
c^etsary  to  cause  them  to  boil^  and  to  convert  them  into 
dasttc  fluids*     But  we  are  altogether  ignorant  at  pre- 
sent of  the  reason  why  different  liquids  require  different 
temperatures  to  produce  this  change. 

<S«  The  following  Table  will  give  the  reader  a  pre-  TablcoT 
ctae  notion  of  the  rale  of  expansion  of  those  liquids 
which  have  been  hitherto  examined  by  chemical  philo* 
sophers. 


ft^erca- 


Snlphu- 
ric  AcidI 


Oiloi 
Tarpen.|. 


40 
50 
HO 
70 
80 
90 
100 
110 
120 
ISO 
140 
ISO 
160 

no 

180 
190 
200 
212 


iOOOOO 

100081 
100183 
100304 
100406 
100508 
100610 
100712 
100813 
100915 
101017 
101119 
101220 
101322 
101424 
101526 
101628 
101730 
101835 


Lal%eea 
oilf. 


100000 


102760 


107250 


99752 
100000 
100279 
100558 
100806 
101054 
101317 
101540 
101834] 
10209T 
102320 

1U2014 
102893 
103116 
103339 
l.()35S7 
103911 


Nitric 
Acid  I; 


99614 
100000 
100486 
100990 
101530 
102088 
102620 
10itl96 
103776 
104352 
105132 


Water  j. 


100023 
100091 
100107 
100332 
100694 
100908 

101404 


102017 


103617 
104577 


100000 
100460 
100993 
101471 
101931 
102446 
102943 
103421 
103954 
104573 


•  Thii  if  the  re^U  of  Dc  Luc'i  ctpcrjmem*.  Philosophers  have 
given  very  differeoc  ttateincnti  of  the  expansion  of  mercury  from  ;  r-* 
to  Sts^.  According  to  Gem-rai  Roy  it  it  o*oi68.  HaelUtroem  makr« 
M  O^iys^i  (Giibtrc*!  AnmUn.  4cr  PiyiK  xvii.  ic;).    LaUiide  afiiiuj 
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L  *7.  Mr  Dalton  has  rendered  it  probable  that  the  eii 

pansion  of  water  and  mercory  it  aa  the  square  of  ik 
temperature  ofeach,  redLooing  firon  their  respecdn 
fieeuDg  points.    He  finds^  if  this  law  be  supposed,  tfaa 


I  • 


that  the  eiperinienu  of  DeBile  and  hit  omh  nnke  k  00150  (ftiLf. 
IDS.)  Mr  Deluc  hat  ahown,  that  the  cipaiMioii  of  ourary  bom  ^» 
l«»<>  it  to  ici  cipauiion  from  t%%^  to  the  temperature  of  hoOo^  mwam 
24  to  15. 

t  The  eipantion  of  linwed  oil  was  detenniocd  by  Sir  Inac  MevtoB. 

I  The  capaiitton  of  thcie  three  li^idt  ii  given  Iran  mj  ^ii»th->.^» 
They  were  made  by  filling  thermoneten  with  the  liquids,  and  noof 
down  th«r  degrcret  at  whrch  the  liquids  ttood  at  the  diffmnt  tempoa* 
turet  marked.  The  weight  of  Uquid  eqaiTatcnt  to  one  degree  <tfik 
tube  was  then  ucertained,  and  the  weight  of  the  whole  li^id  wImc  a- 
pannoa  was  tried.  From  theae  data,  it  waa  euj  to  *Tfr»»Sn  the  rate  of 
expansion.  The  degrees  were  marked  cwmpoiKlmg  to  a  good  moca- 
tial  thermometer.  But  as  the  eipansieo  of  mercury  is  not  cqoable,  it  ■ 
obvious  that  the  numbers  gradually  deviate  from  accuracy  in  proportiBa 
to  the  temperature.  It  was  the  conscic losnesa  of  this  that  induced  me  ts 
omit  the  higher  parts  of  the  scale  altogether.  The  correction  for  ihc«x. 
paiiMon  ol  the  gl'  ss  was  not  inserted. 

f  The  expansion  of  fhc»e  liquids  was  ascertained  by  Sir  Charles  Bla^« 
den  anv'.  Mr  Gilpin.  My  exp.riments  give  the  expansion  of  ho:h  coo*L 
darably  Itss.     Thus  I  f  »uii»l  rhc  expansion  of  water  as  follows : 


TcMlip. 

Kxp:imion. 

Temp. 

£xpan<»if>n. 

42-5^ 

IOOOCX> 

irv  0 

100777 

52-J 

1000 10 

l?i'S 

loi  06 

62-5 

1C0106 

'3a-5 

icii-o 

72-5 

10018a 

141*5 

10 1 495 

82J 

16017.1 

1.51*5 

101755 

9»-5 

•00471 

161-5 

102040 

102-5 

1006^.4 

172-5 

10a  a6 

The  strength  of  the  akohol  in  the  TabK  w;is  o  8^5.  Mr  Daltoo  found 
jcco  parrs  of  alcohol  f  f  o  817  at  50^  became  039  at  lio<>,  and  107911 
I70<>.    The  expansion  dlmipisbe^  when  the  alcohol  ia  made  weaker. 

Mr  Deluc,  liy  mixing  ti  gcther  equal  quantities  of  water  at  12®  and 
boiling  water,  rstertained  the  medium  temperature  between  that  <rf 
boiling  and  freezing  water.     Sippoae  thewhok  expaoaioo  £ravtb 


KKVAHSloy. 

expanuons  of  water  and  mercury  correspond. 
infers  that  all  liquids  follow  ihc  same  law,  or 
that  ihey  cx^iand  as  the  square  of  the  lemperature  from 
the  freezing  point  of  each  §. 

8.  The  expansion  of  solid  bodies  is  so  small,  that  a  { 
micrometer  is  necessary  to  delect  the  increase  of  bulk.  ' 
As  fur  ai  is  known,  the  expansion  is  equable,  al  least 
the  deviation  from  perfect  equality  is  insensible.  The 
following  Table  exliibits  the  expansion  of  most  of  the 
solids  which  have  hiiherto  been  examined.  Most  of 
the  experiments  were  made  by  Smeaton. 


r,:„p. 

JI2 

PUii- 

iOOOOll 
1U003" 

Gol.1  •. 

A..c,m^ 

Iron  I- 

Swelf. 

1 00(1110 
100094 

1 011(1 00 
100109 

100000 
lOUlll 

100000 
100U2 

1 

I'empJ     Iron.     .  Bitmulh. 

Copper. 

Br^^,.      «"'«*■! 

33° 
212 

lOOODO 
10(1120 

100"00 
100139 

1 0000' 

100  no 

lOOOOO 
I001S8 

100000 

iiiMiag 

'  imtpcraTure  uf  Trcesing  water  to  ihu  nf  biiiUng  water  to  be  divided 
iota  Soputti  he  friund  (tul  the  Clpanuan  Iram  3i'  to  ihaljiiedium 
tcnipctaiure  (which  wrni Id  he  ill",!!  thv  cipuiHon  of  Bienpr;  wsrc 
equuble),  and  from  i)ut  (cmpcnli.n:  to  ihat  ul  boiling  waier.  ladiScrem 
l.quiil>.loben(QUoWi: 

Fr^.m  HI"  lu      Fmni  M.  Tsmp.        „    . 
M.  Temp.        ID  tHiiliiig  Water.        '^'"°*- 

Mttcury ji'i 41'4 14     ;  ij 

Oiim  in''  Hniecd  oil ... .  37"8 4»"* »5'4 '  'S 

Oil  «r  <iuni>mil« 37'> 41'^ U    :  >5 

Waternturatcd  wilh  wit  3fg 45-1 II'S;  Ij 

Rectified  ii'irit  kS  wine  . .  337 46-3 107 ;  ij 

Wjter. IJ-* 6dB 47  ^  15 

)  Vm  Syilcm  tf  CbcmUot  PUhnfly,  p.  10. 

^  Borda.  ■  Bnngner. 

I  The  or^Ruon  •fbliitercd  necl  from  3:°  to  311°,  wu  found  hj 
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IL 


Zxpsniioii 

ClfgllU. 


Temp. 


Bran 

Wire 


32°I0O00() 
212   ,100194 


Tin. 


I 00000 
100238 


Lead. 


100000 
100287 


Zinc 


lOOOOO 
1100296 


riuiuiiei^ 
ed  Zinc 

idoooo 

100308 


I  emp. 


32"* 
212 


zinc  8 
Tin  I 


lOOOOO 
100259 


Lead  a 
Till    I 


100000 
10025,1 


BraM  % 
Zinc  r 


lOQOOO 
100205 


Pewter. 


lOOOQO 
100228 


Copper  3 
Tin*    1 


100000 
1001S2 


The  expansion  of  glass  Is  a  point  oF  great  importance, 
as  It  influences  the  result  of  nibst  experiments  on  tem- 
perature. It  has  been  examined. with  much  prccisioo 
bj  Mr  Deluc.  The  rate.of  itsexpaasion,  as- settled  bj 
that  philosopher,  may  be  seen  in  the  following  Table: 


Temp. 

Si.*" 

50 

70 


Bulk. 

lOOQOO 
100006 
100014 


-Teiiip.    Bulk*-  - 

l.OU''..  .10U023 
120  100033 
150    100044 


Temp. 
.167° 
1^0 
212 


Bulk 
100C50 
100069 

lOOOSS 


From  this  Table,  it  appears,  that  when  glass  is  heat- 
ed one  degree,  it  undergoes  an  expansion  which  amounts 


Smeatou  100115.  Gen.  Roy  found  that  of  a  steel  rod  I-0011409.  By 
the  late  very  precise  trials  of  Mr  Dalby,  loo  feet  of  Mistered  rtcel  a- 
pamL'il  c  007492  inches  when  heated  I '^  of  Fahrenheit.  Pi,U,  Ir***- 
I7.\f ,  p.  428. 

I  Rjmv'.cri.  {    Herbert. 

|1  Kamsdw-n  found  the  expansion  of  a  brafts  scale  from  ^1^  to  2l2°i 
c  C122646  ;  of  Fngli.sh  platr  bras%  in  firm  of  a  ro'i,  002271 16  •  of  the 
Same  in  iorrn  of  a  troug^h,  0*0227386.    The  original  bulk  bcinwr  j^^ccoo. 

♦  The  nitt;4l  who.«>e  expansion  is  here  given  was  an  ajloy  composed  cl 
ihice.  part*  of  cnppcr  and  one  of  tin.  The  figures  in  spme  of  the  prece- 
ding columns  arc  to  be  understood  in  the  same  manner.  I'hus  in  the 
last  rohinin  hut  two,  the  metal  consisted  of  two  part*  of  brau  alloyed 
\^ith  owe  u!  zinc. 


EXJPAKSIOir. 

;  XmAj  to  aao'ocy  of  ^^^  whole  bulk.  The  glass  cxa* 
-  mined  by  Deluc  was  of  the  kind  employed  for  making 
barometer  and  thermometer  tubes.  But  the  expansion 
■  oTthis  substance  must  vary  considerably  according  to 
circumstances.  Thus  a  solid  glass  rod  expanded,  ac^ 
cording  to  Ramsden,  0*0096944  when  heated  from  32^ 
to  212^,  and  a  glass  tube  0*0093138.  Smeatdn  found 
a  barometer  tube,  exposed  to  the  same  degree  of  heat^ 
0*0100*;  The  original  bulk  in  these  was  12'000.  Mi^ 
Daltoo  has  rendered  it  probable  that  thin  glass  bulbs 
expand  nearly  as  much  as  iron  when  heated. 

9.  The  property  which  bodies  possess  of  expanding^ 
when  heat  is  applied  to  them,  has  furnished  us  with  an 
instrument  for  measuring  the  relative  temperatures  of 
bodies.  'This  instrument  is  the  thermometer.  A  ther*  Nataff(»f 
mometer  is  merely  a  hollow  tube  of  glass,  hermetically  meter. 
sealed,  and  blown  at  one  end  into  a  hollow  globe  or 
hilb.  The  bulb  and  part  of  the  tube  are  filled  with 
mercury.  When  the  bulb  is  plunged  into  a  hot  body^ 
the  mercury  expands,  and  of  course  rises  in  the  tube ; 
but  when  it  is  plunged  into  a  cold  body,  the  mercury- 
contracts,  and  of  course /ai/s  in  the  tube.  The  rising 
of  the  mercury  indicates  an  increase  of  heat ;  its  falling 
a  diminution  of  it ;  and  the  quantity  which  it  rises  and 
falls  indicates  the  proportion  of  increase  or  diminution « 


*  On  the  suppoftition  that  metals  expand  equably,  the  expaotioii  oft 
inau  of  metal,  by  being  heated  a  given  number  of  de^^rccs,  is  as  follows: 
L»et  a  ■=  the  expansion  of  the  maNs  in  length  for  1°,  which  must  be  found 
by  experiment  ;  ^  =  the  number  of  degrees  whose  expansion  i^  required; 
J  ^«  the  lolid  contents  of  the  metallic  mass ;  x=^  the  ezpaaaioo  lought  t 
then  X  «»  3  ^  fl  /. 

Fbl.  I.  I  i 
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To  factliuie  ob&ervalion,  the  tube  is  divided  ioto  < 
bcr  of  equal  parts  called  degrees. 

The  t  her  [DO  meter,  to  wbicli  we  aie  indebted  for  d> 
nost  aU  tlic  knowle^e  respecting  caloric  whicb  n 
]poi»e55,  was  invented  about  llie  beginning  of  ibc  lld> 
century ;  and  is  su{>posed  bj  some  to  Iiave  bees  SiA 
thought  of  hy  Sanclono,  the  celebrated  fouuder  of  its> 
tical  medicine.  The  first  rude  thermorneter  wu  impo- 
vcd  by  the  Florentine  academiciaiis  auid  bj  Mr  Bojki 
but  ii  was  Sir  Isaac  Newton  who  rendered  it  really  sit* 
ful,  by  pointinji[  out  the  method  of  coastroctii^  ifatf 
•ometeFS  capable  of  bciiig  compaTcd  togetber. 

if  we  plunge  »  ihcrmonieter  ever  so  often  into  im1i> 
isg  snow,  it  wiUalways  stand  at  the  same  {mint.  Hence 
we  Icaro  that  snow  always  begins  to  mck  at  ibe  aunt 
temperature.  DrHooke  observed  also,  that  if  we  plunge 
» thermometer  ever  so  often  into  boiling  water,  it  >U 
ways  stands  at  the  same  point,  provided  the  peessuit  of 
the  atmosphere  be  the  same  ;  coDsequently  water  (oilier 
things  being  the  same)  always  boils  at  the  same  ieKpe> 
aaiutc.  If  iherefare  we  plunge  a  new  made  llicni»> 
meter  into  melling  snow,  and  marlt  the  point  at  which 
the  mercury  stands  in  the  tube ;  then  plunge  tt  iokt  boil* 
ing  water,  and  mark  the  new  point  at  which  the  iDcr> 
cury  stands ;  then  divide  the  portion  of  the  tube  betites 
the  two  murks  into  any  number  of  equal  parts^  suppose 
LOO,  calling  the  freezing  point  0,  and  the  boiling  point 
100  i — every  other  thermometer  constructed  in  a  simi- 
lar manner  will  stand  at  the  same  degree  with  tile 
first  thermometer,  when  both  are  applied  to  a  bodj  •! 
the  same  temperature.  All  such  thermometers  there* 
lore  may  be  compared  togelher,  and  the  scale  auy  hit 
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''   tkWnded  lo  any  length  both  above  the  boiling  point  and     Gmp.  tt^ 

below  the  freezinf  point. 
t .      Newton  first  pointed  out  the  method  of  making  com- 
f    {Arable  tlicrmoiBeters*  ;  but  the  practical  part  of  the  ait 
^    im  greatly  simplified  by  Mr  Fahrenheit  of  Amiterdanl 
•    and  Dr  Manine  of  St  Andrew's  t-     From  the  different 
I     methods  followed  by  philosophical  instruhient  makers 
>     ia  determining  the  boiling  point,  it  was  found,  that 
thermometers  very  seldom  agreed  with  each  other,  and 
tkat  they  often  deviated  several  degrees  from  the  truth. 
This  induced   Mr   Cavendish  to  suggest  to  the  Royal 
Society  the  importance  of  publishing  rules  for  construct- 
ing these  very  useful   instruments.     A  committee  of 
the  society  was  accordingly  appointed  to  consider  the 
subject.     This  committee  published  a  most  valuable 
set  of  directions,  which  may  be  consulted  in  the  Philo- 
sophical Transactions!,  The  most  important  of  these  di- 
rections is,  to  expose  the  whole  of  the  tube  as  well  as  the 
;      btU  of  the  thermometer  to  steam,  when  the  boiling  wa- 
I      Mr  point  is  to  be  determined.     They  recommend  this 
1      to  be  done  when  the  barometer  stands  at  S9'8  inches. 
'  Mercury  is  the  liquid  which  answers  best  for  ther- 

tnometers,  because  its  expansion  is  most  equable,  owing 
to  the  great  distance  frooi  its  boiling  and  freezing  points. 
There  are  four  diSerenI  thermometers  used  at  present  Drffercnt 
in  Europe,  differing  from  one  another  in  the  number  of  Je^'^^" 
degrees  into  which  the  space  between  the  freezing  and 
boiling  points  is  divided.  These  are  Fahienbeit\  Cel- 
sius's, Reaumur's,  and  De  Lisle's. 


•PtlLTrMi.AbT.n.t. 

i  On  Itl  CwimUkn  arJ  Crad, 
JfiiV.  Trtai.  1777.  p.  lid- 
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Book  J» ;     ^  Fahrenheit's  thermometer  it  used  in  Brittin,    T&t 

4  space  between  the  hoiling  and  fineezing  points  isdiTidcd 
into  ISO^  ;  but  the  scale  begins  at  the  temperature  pro- 
4piced  .by  mixing  togetheraoow  and  eommon  salt,  whidi 
it  32^  below  the  freezing  point ;  of  course  the  freezia; 
point  IS  marked  32"^,  and  the  boiling  point  212^  *. 
'  The  thermometer  of  Cehiut  it  ased  in  Sweden ;  it 
has  been  used  also  in  France  since  the  Revolution,  bo- 
dtr  the  name  of  the  tbermomein  centigrade.  In  it  the 
space  between  the  freezing  and  boiling  points  n  divided 
ifito  100°.  The  freezing  point  is  marked  O^  the  boiliag 
point  100°  t. 

The  thermometer  known  bj  the  name  of  Reaomnr, 
which  was  in  fact  constructed  bj  De  Luc,  was  used  m 
France  before  the  Revolution,  and  is  still  used  in  Italy 
and  Spain.  In  it  the  space  between  the  boiling  snd 
freezing  points  is  divided  into  80°.  The  freezing  point 
is  masked  0,  the  boiling  point  80''  %• 

De  Li&le's  thermometer  is  used  in  Russia.  The  space 
between  tlie  boiling  and  freezing  points  is  divided  into 
150^  ;  but  the  graduation  begins  at  the  boiling  pointy 


*  This  is  the  thermometer  alwiys  used  diroughout  this  Work,  ulUm 
when  sonic  orlier  in  particubrljr  mcntiuncd. 

f  Consequently  ihc  degrees  of  Fahrenheit  arc  to  those  of  Celsius,  ai 
iSo  :  lOO  ^^  i8  :  10  =■-•  9  :  5.  That  is,  9°  of  Fahrenheit  arc  cquil  to 
3^of  Celbius.    Therefore,  to  reduce  the  degrees  of  Celsius  to  those  of 

9  ^' 
Fahrenheit,  wc  have  F  ---^  —  +  31. 

^  Consequently  180  F  ^  80  R|  or  18  F  -»  8  R,  or  9  F  =  4  R ;  thcr:- 
f>rc  F.-:.''^---h3^ 


v«nd  iscreastts  tbwtrds  the  freexiog  point.    The  boilitg  ,^^^^^, 
point  is  marked  0^  the  freezing: :point  150^  ^.  ..   .  .- 

10.  In  jnaking  experiments  with  the  thermometer.  ^^^^  ^^^ 

measure  tiic 

rwe  ought  alwajs  to  remember  that,  when  graduated- in  tncreucof 
Ahe  common  way^  it  docfs  not  give  as  au  exact  measu^    ^*^' 
of  the  increase  of  heat :  For  as  the  expansion.of  .mercil- 
vy  for  every  degree  of  temperature  increases  with  the 
temperature,  it  Is  obvious  tha't,  unless  allowance  Be.  \. .      •*« 
made  for  that  increase,  the  degr6tf  indicated  by  ihether-  '    ^ 

mometer  ^ill  not  mark  the  numfaer  o(-degrces  tt  beat 
added  to  or  abstracted  from  a  body,  but  another  ntetober, 
deviating  more  and  more  from  the  true  one  the  higher 
the  temperature,  indicated  happens  to  be.-  Thua  sup- 
pose the  medium  temperature  between  that  of  boiHng 
and  freezing,  water  to  be  denoted' by  12^^*>*if  We  ex" 
tend  the  icale  upwards,  the  boiling  water,  poiat  wiU  not  * 

be  212^,  .as  it  would  be  if  the  scale  Were  equable,-  but 
218*4^.  Oo  the  other  hand,  if  we  fix  the  boiling  and 
freezing  points,  as  is  commonly. done,  and  mark  4hem 
212^  amd  32^,  then  the  medium  temperature  between 
4hese  two  will  not  be  122%  but  118*3 *".      • 

If  Mr  Dalton's  opinion,  that  the  expansion  of  mer- 
cury is  as  the  square  of  the  temperature,  reckoning  from 
its  freezing  point,  be  correct,  it  i3<^vious>  that  the\her- 
mometer,.to  indicate  equal  measurements  of  teM^era- 
ture,  ought  to  be  graduated  differendy  ^  the  pre^ilnt  de« 


■ 

♦  Hence  l8o  F  =  150  D,  or  6  F  «  5  D.    To  reduce  the  degrees  of 
Dc  Li|le*l  thermometer  uiidei'  the  boiling  point  to  those  of  Fahrenheit, 

we  have -Fa"  211  **^ —  ;  to  reduce  thoae  above  thd  boiling  point,  F 

,60  -  •  / 

•    9  -• 


,^ 


nnon  «r  ^Afjtmmi 

gftti  aM  160  large  «t  dw  beginaiag  0f  Ae  aede,  «d  m 
small  at  its  upper  estremitj.  The  foDowiog  Tihk 
riiowa  the  degreea  of  Mr  Daltoa'a  ww  iigrmMuttreK* 
respondmg  with  thoae  of  the  ooouBon,  aapposiag  th 
fieevng  point  lo  he  Sg*^  end  die  hotlieg  water  pda 
to  be  9W. 


lldmli        Htwthflnb        Ooai.thnaL  tfewthenu         Oook 

ewr  glide 

f^  — |7S^  ••••••  —40-00  178    ••••••     103-2 


—  08  ••••••  ~f  1*13  189  

^  58  ••••••  — 17*0I(  193  •••••.  180-0 

•^  48  ••••••  — 13*00  803  1M«0 

— -  SO  ••••••  — •  8*!(a  818  318 


•«....  —3*70  888  •••••• 

—18  ••••.•  +1*34  2t2  ••••^  838*0 

—  8  ••.•••         0*78  .  848  .•••••  858*0 

-f-  8  ••••••       18*03  852  ..••••  200*0 

18  ••••••       18*74  808  .•••••  28V8 

22  85*21  372     890*8 

32  32  282    911*5 

42  3D*3  .    202    387 

52  47—  302    342*7 

62  •       55 —  312     359*3 

72  03*3  322    • 375*8 

82  72—  332    398*7 

02  81  348    409*8 

102  90*4  352    427*3 

|12  100*1  362     445*3 

122  110—  372     463*0 

132  120*1  382  482*a 

142  130*4  392  501 

152  141*1  402  520*3 

162  452—  412  539*1 


K«w  ibcmi.       Cbib.  thttm.  New  litita,       Conu  ihann.  Chap.  IL 

422     55Q-8  452    621-6 

432     .».»     5S0-1  4«2     642 

442     .....h.     600-1 

11.  Having  now  cotnidered  tb«  phenoin^na  and  bwB  Eiceptioni 
-of  expansion  as  far  as  ihey  are  understood,  it  will  be  lion,^^ 
proper  to  state  the  exceptions  to  this  general  effect  of 

heat,  or  the  cases  in  which  expansion  is  produced,  not 
hy  an  increase,  but  by  a  diminution  of  temperature. 
These  exceptions  may  be  divided  into  two  clas»es.  The  Of  (*• 
fiat  class  comprehends  certain  liquid  bodies  which  have 
a  maximum  of  density  corresponding  wiih  a  certain 
temperature  ;  and  which,  if  they  be  heated  above  that 
temperature,  or  cooled  down  below  it,  undergo  in  both 
cases  an  expansion  or  increase  of  bulk.  The  second 
class  comprehends  certain  liquids  which  suddenly  he- 
come  solid  when  cooled  down  to  a  certain  tempera- 
ture ;  and  this  solidification  is  accompanied  by  an  in- 
crease of  bulk. 

12.  Water  is  considered  at  present,  by  the  greater    i^Jter 
nnmber  of  chemists,  as  furnishing  a  remarkable  exam-   imumdcnih 
p!c  of  the  first  class  of  bodies.    This  li^juid  is  supposed   '^  "  *'^' 
to  be  at  its   maximum  of  density  when  nearly  at  the 
temperature  of  40",     If  it  be  cooled  down  below  40% 

it  expands  as  the  temperature  dimiaishes  ;  if  il  be  heated 
above  40°,  it  in  like  manner  expands  as  the  tempera- 
ture increases.  Thus  two  opposite  effects  are  produ- 
ced by  heat  upon  water,  according  to  the  temperature 
of  that  liquid.  From  40"  to  32°,  and  downwards,  heat 
diminishes  the  bulk  of  water ;  but  from  40°,  to  212", 
and  upwards,  it  increases  its  bulk.  Such  is  the  opi- 
nion at  present  received  by  most  persons,  and  which 
ia  considered  as  the  result  of  the  most  exact  expetU 
fnents. 


rtif? 


The fiMts nvhich  led to'thit  ooMluion  wcrefint  ok 
•erved  -bj.  tbc  FJorentine  academidm*.  .  .An  sooMt 
^^^^[^  of  their  experimcnU.wM  pnUithed  ia  the  £hiloaQ|iUal 
W7»  '  Trannctions  for  loio  *•  Thcj  fiU«d  jiriih  Wilcr  t 
■g|inr^iall» tero^atipg io ^suffffi^  j;»duated  oecki  aal 
'N'  =  p^ged  it  into  a  iiiij;|Lar^i>^|fK»«[.aiul  aalt.  The  vain 
atarted  suddenly  up  into,  tilne'iiqcl^,  in  conaequeace  of  the 
.Cttittniction  of .  the  Ye$seJ,  ^jWid  alowly  subsided  apia 
W^lhe  cold  affected  it.  After  %  ceruia  interval  ithepa 
pf  rite  c^ain,  and  continued, fQ. ascend  slowlj  and  cqaa- 
hiy4  ^U  some  portion  of  ik^hsst  into  iec,  when  it  apc^ 
up  at  once  with. the  greatcat  velocity.  The  attentioa 
of  thjB  Rojat  Society  yft^f  toon  afterwards  called  to  this 
I^Qiark^ble' expansion  by  Dr  Croune^  who^  in  1683» 
exhibited- an  experiment  similar  to.  that  of  the  Florea- 
tine  philosophers,  and  concluded  from  it,  that  water  be- 
gins to  be  expanded  by  cold  at  a  certaia  temperature  a- 
bove  the  freezing  point,  Dr  Hooke  objected  to  this 
conclusion,  and  ascribed  the  apparent  expansion  of  the 
water  to  the  contraction  of  the  vessel  in  which  the  ex- 
periment was  made.  This  induced  them  to  cool  the 
glass  previously  in  a  freezing  mixture,  and  then  to  fill 
it  with  water.  The  effect,  notwithstanding  this  pre- 
caution, was  the  same  as  before  f  •  Mr  De  Luc  was  the 
first  who  attempted  to  ascertain  the  exact  temperature 
at  which  this  expansion  by  cold  begins.  He  placed  it 
at  41^,  and  estimated  the  expansion  as  nearly  equal, 
when  water  is  heated  or  cooled  the  same  number  of  de- 
grees ^bove  or  below  41^.     He  made  his  experiments 


•  PHI.  Trans.  No.  66.  ©r  ▼ol.  ▼.  p.  «0ic.     Abridgtmen:^  u  540. 
f  Jirchc'i  kiitt.  o/ttt  Xt^  Scatty,  iv,  2J3, 
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in  glass  thermometer  tubes,  and  neglected  to  make  tbe  Ctop-"-. 
coirectioD  necessar;  for  tbe  coatraction  of  tbc  glau>  ' '  ^ 
but  in  a  set  of  experuncnts  hy  Sir  Charles  Blagden 
and  Mr  Gilpin,  made  about  the  ; ear  ligo,  this  cor- 
rectioQ  was  attended  to.  ■  Water  was  weighed  in  a  gla^ 
bottle  at  every  degree  of  teoipcrature  from  3S°  to.lOO°t 
uid  its  specific  gravity  ascertained.  They  fixed  tbe 
maximum  of  density  at  ,30°,  and  foand  tbe  saivcex- 
.pansion  very  nearly  by  tbe  same  change  of  tempeit^ 
.  turc  either  above  or  below  36°.  The  following  Table 
exhibits  tbe  bulk  of  water  at  the  corresponding;  ^egrfcs 
on  both  sides  of  30°,  accotdtog  to  their  experiments^ 


Specific  Gr»- 
vity. 

Bulk  of  W,!- 

T<™p«.- 

Jldk  of  Wa. 

6p.  Gr^vitf 
of  Ditto. 

10009+ 

39 

1'00004 

i-ooooo 

94 

38 
il 
36 
35 
34 
33 
32 

40 
41 

42 
43 
44 

45 

46 

04 

1-00000 

0'S9999 

gs 

B3 

o-pgg90 

o-yggo8 

P2 

92 

0'99998 

o-gooofi 

90 

PO 

0-99995 

0-99B94 

ss 

88 

0-99994 

0-09901 

85 

86 

0-99992 

0 -91)1' 88 

82 

63 

0-999  89 

Mr  Dalton,  in  a  set  of  experiments  published  in  1803, 
obtsuncd  nearly  the  same  result  as  De  Luc.     He  placed 
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the  tuxunuin  density  at  4Z-S",  ool  making  aoj  coiRfr 
'  tionforthe  contraction  of  the  gUss  t  umI  obserred, 
Biigden  had  done  before  him,  that  the  expansion  u  ibc 
Sime  on  both  lides  of  the  maxtinnm  poist,  wbea  Ak 
change  of  tcmperatute  is  the  same,  and  contintiei  htm- 
crer  low  down  the  watn  be  cooled,  proiridcd  it  be  ait 
froxen*. 

All  these  cxpenmenis  had  been  made  b;-  eoeln[ 
water  in  glan  vessels;  but  when  the  French  wot 
Conning  their  new  weights  and  measares,  the  >nb)M 
was  inresiigaied  by  LefebTre-Gincan  in  a  diicrat 
nanncr.  A  detemiinaie  bulk  of  water  at  a  girmte^ 
peralure  was  chosen  for  the  foundation  of  tbcir  weighti. 
To  obtain  it,  a  cylinder  of  copper,  about  nine  French 
inches  long,  and  as  many  in  disnieter,  was  made,  and 
its  bulk  mfasured  wtih  the  utmost  possible  cxactocn. 
This  cylinder  was  weighed  to  water  of  vaiioas  tenpt* 
faturcB.  Thus  was  obtained  tlie  weight  of  a  qatamj 
of  water  equal  to  the  bulk  of  the  cylinder  ;  and  thit, 
corrected  by  the  alteration  of  the  bulk  of  tbe  ^liader 
itself  from  heat  or  cold,  gave  the  density  of  water  u 
the  temperatures  tried.  The  result  was,  ibai  thcdcnsi* 
ty  of  the  water  constantly  increased  till  the  tempers- 
ture  of  40%  below  which  it  as  constantly  dimtnishedf. 
These  experiments  seem  to  have  been  made  about  tbe 
year  1195.  More  lately  a  set  of  expetimeaa  vm 
tried  by  Haellstrocm  exactly  in  the  same  way ;  bet 
he  substituted  a  cylinder  of  glass  for  the  onq  of  metal. 
The  result  which  he  obtained  was  the  same,     T^c  oe- 


1 

•  I 


Mim.< 
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Y  corrections  being  made,  he  found  the  maximum 
density  of  waiei  lie  between  4"  and  3°  of  Celsius,  or 
•Muly  at  40"  of  Fahrenheit  !• 

Still  more  Utelj,  a  set  of  experiments  have  been  pab- 
tished  by  Dr  Hope,  which  lead  to  the  sSme  remit  in  Z 
different  wny.  He  employed  tat)  cylindrical  glasi  jars 
filled  wtlh  water  of  ditturent  temperatures,  aad  having 
thermometers  at  their  top  and  bottom.  The  result  was 
U  follows  i  J.  When  waier  was  at  32",  and  exposed  to 
•Jv  of  01", the  io//oM  Ihcrmometcr  rose  fastest  till  I  ha 
water  became  of  38°,  then  (he  top  rose  fastest.  Just 
the  reverse  happened  when  the  water  was  53",  and  ex- 
posed to  the  cold  water  surrounding  the  vessel  ;  the 
tof  thermometer  was  bighett  till  the  water  cooled  dowa 
to  40",  then  the  bottom  one  was  highest.  Hence  it  was 
inferred,  that  water  when  heated  towards  40°  sunk  down, 
and  above  40"  rose  to  the  lop,  and  vice  vma.  2.  Whea 
a  freezing  mixture  was  applied  to  ihe  top  of  the  glass  cy- 
linder (temp,  of  air  41°),  and  continued  cTcn  for  se- 
veral days,  the  bottom  thermometer  never  fell  below 
3^"  J  but  when  tne  freezing  mixture  was  applied  to  the 
bottom,  the  top  thermometer  fell  to  34°  as  soon  as  the 
bottom  one.  Hence  it  was  inferred,  that  water  when 
cooled  below  30"  cannot  sink,  but  easily  ascends.  3. 
When  the  water  in  the  cylinder  was  at  32**,  and  warm 
water  applied  to  the  middle  of  the  vessel,  the  boUom 
thermometer  rose  to  39^  before  the  top  one  was  affected  i 
1»ut  when  the  water  in  the  cylinder  was  at  SB'S",  and 
eold  was  applied  to  the  middle  of  the  vessel,  the  top 
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thermometer  cooled  down  to  33^  before  the  bottom  one 
was  affected  *. 

Count  Rumford  has  lately  published  a  set  of  experi- 
ments conducted  nearly  on  the  same    principles  wi*ih 
those  of  Dr  Hope,  and  leading  to   the   same  resuks. 
They  are  contrived  with  his  usual   ingenuity  ;  bat  as 
they  are  of  posterior  date,  and  add  nothing  to  the  btti 
above  stated,  I  do  not  think  it  necessary  to  detail  themf. 
Dr  Hope's  experiments  and  those  of  Count  Rumfoid 
coincide  with  those  above  related,  in  fixing  the  maxi- 
mum density  of  water  at  between  39^  and  40^. 
Ascribed  to       Sucb  art  tile  experiments  upon  which  the  belief  of  this 
*'*^'3?tlic"  '^*"^^2i%  property  of  water  is  founded,  and  they  seem 
^rciKb.         at  first  sight  to  leave  no  doubt  respecting  its  realitj. 
Doubts,  however,  have  been  entertained   by   men  of 
acknowJedged  candour  and  capacity ;  and  it  will  now  be 
necessary  to  state  the  grounds  upon  which  these  doobtt 
have  been  founded. 

Liquids,  as  is  obvious  from  the  preceding  part  of 
this  bcction,  expand  when  heated  at  a  much  greater  rate 
than  solids.  It  has  been  the  opinion  of  many  philoso- 
pherSy  that  the  expansion  of  liquids  is  proportional  to 
the  squares  of  the  temperatures  measured  from  the  free- 
zing point  of  each  ;  and  that  the  deviaiions  from  thi3 
law  are  only  apparent,  and  owing  to  the  thermometer 
not  being  an  exact  measurer  of  the  increase  of  heat. 
Among  others,  Mr  Dalton  has  stated  this  opinion  as 
coinciding  with  liis  experiments,  and  Mr  Leslie  has 
made  it  the  foundation  of  some  of  his  mathematical 
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reasonings,  without  any  explanation  whatever  of  the  ^  Chip.  IT/ ^ 
grounds  of  his  conviction  of  its  truth.  On  the  otheir 
Inmd,  the  expansion  of  solids  is  sensibly  only  propor^ 
tional  to  the  temperature,  setting  out  from  any  given 
pcnnt.  When  cold  is  applied  to  solids  and  liquids, 
their  contractions  will  follow  the  same  rate  as  their  ex- 
pansions*. But  as  the  diminution  of  bulk,  when  cold 
it  applied  to  water,  is  as  the  difference  between  the 
squares  of  the  temperatures,  and  the  diminution  of  so- 
lids simply  as  the  difference  of  the  temperatures,  it  is 
obvious,  that  the  contraction  which  water  experiences 
vtrhtn  cooled  a  degree  is  constantly  diminishing  as  we 
approach  the  freezing  point,  while  that  of  solids  conti- 
nues sensibly  the  same.  Therefore,  at  some  particular 
point,  the  contraction  of  water  will  be  precisely  equal 
to  the  contraction  of  a  given  solid,  and  below  that 
point,  the  contraction  of  the  solid  will  be  greatest.  Sup- 
pose water  to  be  exposed  to  cold  in  a  glass  ball  and  tube. 


A         .. 


*  With  respect  to  the  expaoiiont  of  water,  it  certainly  followt,  prettf 
nearly  at  leatr,  the  law  stated  in  the  text.  From  the  uble  j^iven  in  page 
494,  it  appears  that  the  expaiiiion  of  water,  the  original  bulk  being 
loo^o,  may  be  expressed  pretty  nearly  by  the  following  numbers : 

Temp.'  Expan. 

8a"®  .  .  .  .  6» 
jox's'^  .....  8* 
iia*5®  ....  10* 

l4%-5^  .     .     .     .11* 

i6a-5°  .    ;    .    .  14* 

The  greatest  deviation  fruni  these  numbers  is  towards  the  beginiung  of 
the  scale,  when,  owing  to  the  smallnessof.the'expansioo,- it  is  difficult  to 
measure  it  with  precision.  It  leads  us  to  thi^  remarkable  conclusioo, 
that  the  squares  of  the  natural  numbers  beginning  at  6  indicate  the  in- 
crease of  bulk  which  loooo  parts  of  water  experience  for  everj  teo  de* 
grees  they  are  heated  above  99*5\ 


sia 


irrECTB  or  caloric^ 

it  will  coatioue  to  sink  in  the  tube  as  long  as  die  CQft> 
tniction  which  it  suffers  by  cooling  is  greater  tbaa  te 
of  the  glass ;  but  when  it  cooies  to  the  point  at  wlucb 
the  contraction  of  both  is  the  same,  it  will  not  vdi^ 
fiirther  thongh  cooled,  because  the  diminntion  of  bak 
in  the  water  will  be  just  counterbalanced  hj  the  com 
traction  of  the  vessel.     When  we  pass  that  pobt,  tk 
water  will  rise  in  the  tube  by  the  application  of  cqU^ 
becanse  the  contraction  of  the  glass  will  now  sorpia 
that  of  the  water.     The  rise  of  the  water  then  maj  be 
only  apparent,  and  occasioned  by  this  cauae ;  but  a 
easy  method  occurs  to  ascertain  the  point.     Make  the 
experiment  in  vessels  of  different  kinds,  which  are  dit 
ferently  contracted  by  heat|  the  point  of  the  greatest 
density  of  the  water  ought  to  vary  with  the  vcsmL 
This  accordingly  has  been  done  by  Mr  Daltoo.    The 
following  Table  exhibits  the  result  of  his  experiments^ 
The  first  colunm  contains  the  substances  in  which  the 
water  was  contained,  and  the  second  the  degree  of  the 
thermometer  at  which  the  water  began   to  rise  when 
cooled  in  these  substances,  or  its  apparent  point  of  greats 
est  density. 

Brown  earthen  ware 38^ 

Qiieen's  ware 40 

Flint  glass • 4ii^ 

Iron..... • 42x 

Tin  plate • 42J. 

Copper • 451- 

Brass »..«• 4C 

Pewter , 46 

Zinc « 4S 

Lead 49^. 

These  experiments  coinciding  with,  what  would  happea 
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if  tlie  supposed  expansian  of  water  were  odI;  apparent,   ^ 
faavc  been  considered  by  Mr  Dahon  as  decisive  of  the 
point;  and  Mr  Leilic  haa  advanced  a  similar  opinion. 
This  coincideDce,  however,  is  merely  apparent.     If  we   I 
calculate,  from  the  table  of  expansion   given  in  a  pre-   , 
ceding  part  of  this  Seciion,  the  lempcraiures  at  which 
the  expansion  of  the  various  bodies  in  the  table  coin- 
cide with  the  expansion  of  water,  wc  obtain  the  follow- 
ing  rciuUa ; 


Glass. . , 

Iron.., . 
Copper. 


LowM  Peiot         Do.  by  Dalua'a 
bj  CilculuiiMi.  Eipcrimeati. 

41*5 41-5 


.46     42-5.. 

..52     45'5.. 


..54 


.  0-5 


Pewter 59     40     13 

Lend G4     49-5 14*5 

The  gUss  indeed  coincides  wiih  Mr  Dalton's  experi- 
ments, bnt  the  other  bodies  deviate  as  their  expansion 
increases.  This  destroys  all  the  consequences  that  have 
been  drawn  from  similar  experiments,  and  points  out, 
besides,  some  error  in  the  data  from  which  the  calcula. 
tions  were  drawn.  The  error  no  doubt  consists  in 
setting  out  from  the  supposition  that  water  expands 
from  the  freezing  point. 

The  experiments  of  Lefebvre-Gineau  and  HaclU 
stToem,  above  related,  were  in  some  measure  free  Irooi 
the  uncertainty  resulting  from  the  contraction  of  the 
vessels  in  which  the  built  of  the  water  was  estimated. 
The  copper  cylinder,  weighed  by  the  former,  was  hol- 
low, and  every  possible  precaution  was  taken  to  esli- 
male  the  change  of  bulk  occasioned  by  heat  and  cold  ; 
the  iQitTumcots  wete  delicate,,  anil  the  object  of 
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Book  r.      great  importance,  it  seems  unreasonable  to  conddc 
that  he  allowed  himself  to  be  deceived. 

The  experiments  of  Dr  Hope  and  Count  RamM 
appear  at  first  sight  to  lead  to  the  same  result  in  a  itill. 
less  ambiguous  manner  ;  but  it  must  be  acknowledged 
that  there  are  circumstances  connected  with  them  sof- 
ficientlj  puzzlinj^.  I  shall  mention  one.  If  differeoi 
strata  of  coloured  watery  liquids  be  put  into  tall  ghss 
jarSy  they  will  remain  separate,  if  not  agitated  (as  Cootf 
Rumford  himself  observed  long  ago),  for  at  least  a 
month,  notwithstanding  all  the  vicissitudes  of  tempen- 

• 

tureto  which  they  are  exposed*;  vicissitudes  often  great- 
er than  those  to  which  the  liquids  were  exposed  in  the 
trials  of  Dr  Hope  and  Count  Rumford.  Now,  how 
can  the  currents,  which  their  experiments  indicate,  take 
place  without  mixing  these  strata  together  in  the  course 
of  a  few  hours  ?  This  is  a  difficulty  which  I  at  least 
have  not  been  able  to  solve  in  a  satisfactory  manner. 

Mr  Dalton  has  lately  reconsidered  the  subject,  and 
has  shown  by  arguments,  which  to  me  appear  convin- 
cing, that  tiie  real  temperature  at  which  the  density  of 
water  is  a  maximum  is  3G'\  Thus  the  singular  aco- 
maly  of  the  expansion  of  water  by  cold  seems  to  be 
completely  made  out  j  but  no  satisfactory  explanation 
of  the  cause  of  tlils  expansion  has  been  yet  offered. 
We  might  ascribe  it  to  a  commencement  of  congelation, 
were  it  not  that  in  glsss  tubes  water  may  be  cooled 
down  almost  to  zero  before  it  begins  to  freeze,  and  du- 
ring llie  wliole  progress  it  expands  with  the  utmost  re- 
gularity. 

I  tried  a  considerable  number  of  liquids,  to  ascertain 
V  hetlicr  any  of  them,  like  water,  have  a  temperature  in 
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%rlucli  their  densitjr  is  a  tnaximuniy  and  which  expand  ,  '^^''^  "  , 
^rhA  cooled  below  that  temperature.  Sulphuric  acid 
has  no  such  point,  neither  have  the  oily  bodies  ;  but  I 
thought  I  could  perceive  some  solutions  of  salt  in  wa« 
.ter  beginning  to  expand  before  thej  became  solid.  But 
these  solutions^  when  cooled  down  sufficiently,  crystallize 
ivith  such  rapidity,  that  it  is  extremely  difficult  to  be 
certain  of  the  fact,  that  they  really  do  begin  to  expand 
before  they  crystallize. 

13*  That  class  of  bodies  which  undergo  an  expansion  %.  Many  ]^ 
when  they  change  from  a  liquid  to  a  solid  body  by  the  ™^^ 
diminution  of  temperature,  is  very  numerous.      Not  ^•taUi** 
only  water  when  converted  into  ice  undergoes  such  an 
expansion,  but  all  bodies  which  by  cooling  assume  the 
£orm  of  crystals. 

The  prodigious  force  with  which  water  expands  in  i?~.,^- 
the  act  of  freezing  has  been  long  known  to  philosophers.  ^'^ 
Glass  bottles  filled  with  water  are  commonly  broken  ia 
pieces  when  the  water  freezes*  The  Florentine  acade* 
micians  burst  a  brass  globe,  whose  cavity  was  an  inch  in 
diameter,  by  filling  it  with  water  and  freezing  it.  The 
force  necessary  for  this  effect  was  calculated  by  Muschen- 
broeck  at  21720  lbs.  But  the  most  complete  set  of 
experiments  on  the  expansive  force  of  freezing  water 
are  those  made  by  Major  Williams  at  Quebec,  and  pub-« 
lished  in  the  second  volume  of  the  Edinburgh  Transact 
tions.  This  expansion  has  been  explained  by  supposing 
it  the  consequence  of  a  tendency  which  water,  in  con* 
solidating,  is  observed  to  have  to  arrange  its  particles  in 
one  determinate  manner,  so  as  to  form  prismatic  crys« 
tals,  crossing  each  other  at  angles  of  60^  and  120°« 
The  force  with  which  they  arrange  themselves  in  this 
jnanner  must  be  enormous,  since  it  enables  small  quan* 

roi.i.  Kk 
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Book  I.     titles  of  water  to  overcome  so  trreat  mechanical  m- 

sures*  1  tried  various  methods  to  assertain  the  speck  I  i 
gravity  of  ice  at  32*^;  the  one  which  succeeded  bat  I  i 
ivasy  to  dilute  spirits  of  wine  with  water  till  a  na»i  \  i 
solid  ice  put  into  it  remained  in  any  part  of  tl;e  liqoil 
without  either  sinking  or  rising.  I  found  the  spccib 
gravity  of  such  a  liquid  to  be  0*92  ;  which  of  couraeis 
the  specific  gravity  of  ice,  supposing  the  specific  grifv 
ty  of  water  at  60°  to  be  1.  This  is  an  expansion  mack 
greater  than  water  experiences  even  when  heated  ts 
212®.  We  see  from  this,  that  water,  when  convcttJ 
into  ice,  no  longer  observes  an  equable  expansion,  hA 
undergoes  a  very  rapid  and  considerable  augmentatioi 
of  bulk. 

The  very  same  expansion  is  observed  during  ik 
crystallization  of  most  of  the  salts  ;  all  of  them  at  least 
which  shoot  into  prismatic  forms.  Hence  the  reasoB 
that  the  glass  vessels  in  which  such  liquids  are  left  | 
usually  break  to  pieces  when  the  crystals  are  formed. 
A  number  of  experiments  on  this  subject  have  been  pub- 
lished by  Mr  Vauqiielin  *. 

Several  of  tlie  metals  have  the  property  of  expanding 
at  the  moment  of  their  becoming  solid.  Reaumur  vis 
the  first  pliilosopher  who  examined  this  point.  Of  ali 
the  metallic  bodies  that  he  tried,  he  found  only  three  that 
expanded,  while  all  the  rest  contracted  on  becoming  so- 
lid. These  three  were,  cast  iron,  bismutJjy  and  antimo* 
fiyj'.  Hence  the  precision  with  which  cast  iron  takes 
the  impression  of  the  mould. 
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^  '.  This  expaosioo  of  these  bodies  cannot  be  consider^  Ciiip.n.^ 
">-  is  an  exception  to  the  general  fact,  that  bodies  increase 
^  la  bulk  when  heat  is  added  to  them  ;  for  the  expansion 
1  it  the  consequence,  not  of  the  diminution  of  heat,  bat 
£  of  the  change  in  their  state  from  liquids  to  solid^i  and 
-^  the  new  arrangement  of  their  particles  which  accompa- 
:    nies  or  constitutes  that  change. 

*  '     14.  It  must  be  observed,  however,  that  all  bodies  do    ^^^  °^ 
B  not  expand  when  thej  become  solid.     There  are  a  con-    tract  in 

^  siderable  number  which  diminish  in  bulk  ;  and  in  these  '***"•• 
.  the  rate  of  diminution  in  most  cases  is  rather  increased 
bj  solidification.  When  liquid  bodies  are  converted  into 
solids^  thej  either  form  prismatic  crystals,  or  they 
£orm  a  mass  in  which  no  regularity  of  arrangement  can 
be  perceived.  In  the  first  case,  expansion  accompanies 
solidification  ;  in  the  second  place,  contraction  accom- 
panies it.  Water  and  all  the  salts  furnish  instances  of 
the  first,  and  tailow  and  oils  are  exa'uples  of  the  second* 
«  Id  these  last  bodies  the  soliaification  does  not  take  place 
instantaneously,  as  in  water  and  salts,  but  slowly  and 
gradually  ;  tiiey  first  become  viscid,  and  at  last  quite 
solid.  Most  of  the  oils,  when  they  solidify,  form  very 
regular  spheres.  The  same  thing  happens  to  honejr 
and  to  some  of  the  metals,  as  mercury,  which  Mr  Ca« 
vendish  has  shown  from  his  own  experiments,  and  those 
of  Mr  Macnab,  to  lose  about  ^\d  of  its  bulk  in  the  act 
of  solidification  ^.  When  sulphuric  acid  congeals,  if 
does  not  perceptibly  expand,  nor  does  it  in  the  least 
alter  its  appearance.      Sulphuric  acid,  of  the  specific 

*  gravity  1*8,  may  be  cooled  down  in  thermometer  tubes 


•  PUL  Trams.  1783,  p.  a  J. 

Kk2 


hjhut. 


I 

5ii  mnwen  or  cAftOBie; 

td  — «Sd^  before  it  freezes  $  and  during  Che  iffbok 
oen  it  follows  exactljthe  nteof  ezpaniioa  gitcailj 
ihe  table  of  expansions.    At  — SO^,  or  mbaul  tbtt  \ 
perature,  it  freezes ;  but  its  appearance  is  so-  little  alMik  I 
that  I  could  not  satisfy  mjaelf  whether  or  notthrKfJi 
was  frtizen  till  I  broke  the  tube.     It  was  pcrfacdyi 
lid,  and  displayed  no  appearance  of  ciystalli] 
Oh  the  other  hand,  cast  iron,  and  probablj  snlpinir  dib 
expands  in  the  act  of  coogtaliog* 

s 

f 
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All  substances  in  natnre,  as  fitr  aa  we  are  aoqpsali 
ed  with  them,  occur  in  one  or  other  of  the  three  feBsv- 
ing  states  ;  namely,  the  state  of  solids,  of  li^nuls,  m4 
elastic  fluids  or  vapdurs*  It  has  been  ascertained,  At 
in  a  Vast  number  of  cases,  the  same  subatance  is  Ofii 
ble  of  existing  saceessivdy  in  each  of  these  stslifc 
Thus  sulphur  is  usually  a  solid  body  ;  but  when  bested 
to  218^y  it  is  cbn verted  into  a  liquid;  and  atastil 
higher  temperature  (about  570^),  it  assumes  the  fona 
of  an  elastic  vapour  of  a  deep  brown  colour.  Thus  sbs 
Water  in  our  climate  is  usually  a  liquid  ;  but  wfatS 
cooled  down  to  32^,  it  is  concerted  into  a  solid  body, 
and  at  212^  it  assumes  the  forni  of  an  elastic  fluid. 
^^^  All   solid   bodies,  a  very  small   number   excepts^ 

thdriute  may  be  converted  into  liquids  by  heating  them  salt 
ciently  ;  and^  on  the  other  hand,  every  liquid,  ezoql 
spirit  of  wincy  is  convertible  into  a  solid  body  by  c]B- 
posing  it  to  a  sufiicient  degree  of  cold.  All  liquid bei- 
dies  may,  by  heating  them,  be  converted  into  elastie 
fluids,  and  a  great  many  solids  are  capable  of  undefgo- 
ing  the  same  change  }  and,  lasUy,  die  number  of  ebstic 
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■iftuids  which  by  cold  are  condentible  into  liquids  or  so-    Cfc^.  n.^ 

■  lids  is  by  no  means  inconsiderable.  These  facts  have 
B  led  philosophers  to  form  this  general  conclusion,  "  That 
^  all  bodies,  if  placed  in  a  temperature  sufficiently  low, 
E<  ^vould  assume  a  solid  form  ;  that  all  solids  become  li- 

■  '  ^aids  when  suiHciently  heated  ;  and  that  all  liquids, 
~  ivhen  exposed  lo  a  certain  temperature,  assume  the  form 
>    of  elastic  fluids.'*  The  state  of  bodiesthen  depends  upon 

the  temperature  in  which  they  are  placed  ;  in  the  low- 
est temperatures  tltey  are  all  solid,  in  higher  temperatures 
they  are  converted  into  liquids,  and  in  the  highest  of  all 
tbey  become  claflic  Biiids.  The  particular  temperatures 
«t  wbioh  bodies  undergo  those  changes,  are  exceedingly 
vnrious,  but  they  are  always  constant  for  the  same  b(^ 
^es.  Thus  we  see  that  heat  produces  changes  on  the 
state  of  bodies,  converting  them  all,  first  into  liquids, 
and  then  into  elastic  fluids. 

I.  When  solid  bodies  are  converted  by  heat  into  U-   Cmvauna 
jquids,  the  change  in  some  cases  takes  place  at  once,    "o  ^ujj^"" 
Tbere  is  no  interval    between  solidity  and  liquidity  ; 
but  in  other  cases  a  very  gradual  change  may  be  per- 
ceived :  the  solid  becomes  first  soft,  and  it  passes  slowly 
through  all  the  degrees  of  softness,  till  atlastitbecotnes 
perfectly  fluid.     The  conversion  of  ice  into  water  is  an  inaantk 
instance  of  the  first  change  ;  for  in  that  substance  there  Y""'  ™ 
is  no  intervening  stale   between  solidity  and   fluidity. 
The  melting  of  glass,  of  wax,  and  of  tallow,  exhibits 
instances  of  the  second  kind  of  change  ;    for  these  bo> 
dies  pass  through  c\-ery  possible  degree  of  softness  be- 
fore they  terminate  in  perfect  fiuidity.      In  genera), 
those  solid  bodies  which  crystallize  or  assume  regular 
prismatic  figures,  have  no  interval  between  solidity  and 
^uidtty ;  while  those  that  do  not  usually  assume  such 
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congeal.  The  result  of  his  trials  maj  be  seen  ia  Ac 
following  Table.  The  first  colamn  conuins  the  dsbb 
of  the  salts  ;  the  seoond  the  qnantit j  of  salt,  by  wdgH 
dissolved  in  100  parts  of  water;  and  the  third, the 
freeaing  point  of  the  solatioo*. 


Names  «>f  S  Jrt. 


•  . 


•  •  • 


Common  salt , 
Sal  ammoniac 
Rochelle  salt 
Sulphate  of  magnesia 

Nitre 

Sulphate  of  iron  •  •  .  . 
Sulphate  of  ainc  .  .  .  . 


Profxir^ 


From  this  table  it  appears  that  common  salt  is  bj  &r 
the  most  efficacious  in  lowering  the  freezing  point  of 
water.  A  solution  of  25  parts  of  salt  in  lOO  of  water 
freezes  at  4^.     These  solutions,  like  pure  water,  msj 

be  cooled  down  considerabljr  below  their  freering  point 
without  congealing  ;  and  in  that  case  the  congelation  is 
produced  by  means  of  ice  just  as  in  common  water, 
though  more  slowly. 

When  the  proportion  of  the  same  salt  held  in  solution 
by  water  is  varied,  it  follows  from  Sir  Charles  Blag- 
den's  experiments,  that  the  freezing  point  is  alwajs 
proportional  to  the  quantity  of  the  salt.  For  instance, 
if  the  addition  of  ^th  of  salt  to  water  lowers  its  free- 
zing point  10  degrees,  the  addition  of  VW^hs  will  lowerit 
SO^.  Hence,  knowing  from  the  preceding  table  the  ef- 
fect produced  by  a  given  proportion  of  a  salt,  it  is  easy 
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to  calculate  what  the  effect  of  any  other  proportion  will   .^^^'^ 

be.     The  following  Table  exhibits  the  freezing  points 

of  solutions  of  different  quantities  of  common  salt  in 

100  parts  of  water,  as  ascertained  by  Blagden's  trials^ 

and  the  same  points  calculated  on  the  supposition'  that 

the  effect  is  as  the  proportion  of  salt. 


(^antity  of 
lalt  tu  lOO  i'i 

freezing 
piiint  by 

Do.  by 
calcula- 

water. 

^xperim. 

tioo. 

3-12 

8+ 

28-5 

4-16 

27-5 

2T3 

6-25 

25-5 

25 

10-00 

21-5 

20-15 

12-80 

18-S 

n-0 

16*1 

13-5 

14 

20 

9-5 

0*8 

22-2 

T2 

7 

25 

4 

4 

5.  The  strong  acids,  namely,  sulphuric  and  nitri^  Ofrtnuf 
which  are  in  reality  compounds  containing  various 
proportions  of  water  according  to  their  strength,  have 
been  shown  by  Mr  Cavendish,  from  the  experiments  of 
Mr  Macnab,  to  vary  in  a  remarkable  manner  in  their 
point  of  congelation  according  to  circumstances.  The 
following  are  the  most  important  points  respecting  the 
freezing  of  these  bodies  that  have  been  ascertained. 

When  these  acids  diluted  with  water  are  exposed  to 
cold,  the  weakest  part  freezes,  while  a  stronger  portion 
remains  liquid  ;  so  that  by  the  action  of  cold  they  are 
separated  into  two  portions  differing  very  much,  in 
strength.  This  has  been  termed  by  Mr  Cavendish  the 
Mquetms  congelation  of  these  bodies. 

When  they  are  very  much  diluted,  the  whole  mix- 
ture, when  exposed  to  cold,  undergoes  the  aqueous  coo^ 
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mbk  T.  6«  Before  Dr  Blick  begin  to  deliver  his  chemical 
V  ^  lectures  in  Glasgow  in  llSTy  it  was  universally  sup- 
^^*^'f  posed  that  solids  were  converted  into  liquids  bj  a  snuU 
addition  of  heat  after  they  have  been  once  raised  to  the 
melting  point,  and  that  they  returned  again  to  the  so- 
lid state  on  a  very  small  diminution  of  the  quantity  of 
beat  necessary  to  keep  them  at  that  temperature.  An 
attentive  view  of  the  phenomena  of  liquefaction  and 
solidification  gradually  led  this  sagadous  philosopher  to 
observe  their  inconsistence  with  the  then  received  ojn- 
nions,  and  to  form  another,  which  he  verified  by  direct 
experiments ;  add  drew  up  an  account  of  his  theocy, 
and  the  proofs  of  it,  which  was  read  to  a  literary  socie- 
ty in  Glasgow  on  April  23d,  1762  *  ;  and  every  yetr 
after  he  gave  a  detailed  account  of  the  whole  doctrine 
in  his  lectures. 
Thatflmdi-  1*be  opinion  which  he  formed  was,  that  when  a  solid 
^[J^^j^  body  is  converted  into  a  liquid,  a  much  greater  quanti- 
unt  best,  ty  of  heat  enters  into  it  than  is  perceptible  immediate- 
ly after  by  the  thermometer.  This  great  quantity  of 
heat  docs  not  make  the  body  apparently  warmer,  hot 
it  must  be  thrown  into  it  in  order  to  convert  it  into  a 
liquid  'y  and  this  great  addition  of  heat  is  the  principal 
and  most  immediate  cause  of  the  fluidity  induced.  On 
the  other  hand,  when  a  liquid  body  assumes  the  form  of 
a  solid,  a  very  great  quantity  of  heat  leaves  it  without 
sensibly  diminishing  its  temperature  ;  and  the  state  of 
solidity  cannot  be  induced  without  the  abstraction  of 
this  great  quantity  of  heat.  Or,  in  other  words,  when- 
ever a  solid  is  converted  into  a  fluid,  it  combines  with 
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%  ttttkih  dose  of  caloric  without  any  augtdehtation  of 

its  temperature  ;  and  it  is  this  dose  of  caloric  which  oc« 

tasions  the  change  of  the  solid  into  a  fluid.     When  the 

fly  id  is  converted  again  into  a  solid,  the  dose  of  caloric 

leaves  it  without  any  diminution  of  its  temperature  i 

and  it  is  this  abstraction  which  occasions  the  change^ 

Thus  the  combination  of  a  certain  dose  of  caloric  with 

ice  causes  it  to  become  water,  and  the  abstraction  of  a  i'' 

certain  dose  of  caloric  from  water  causes  it  to  become 

ice.     Water,  then,  is  a  compound  of  ice  and  caloiic } 

and  in  genera],  all  fluids  are  combinations  of  the  solid 

to  which  thej  may  be  converted  by  cold  and  a  certain 

dose  of  caloric. 

Such  is  the  opinion  concerning  the  cause  of  fluidity, 
taught  by  Dr  Black  as  early  as  1762.  Its  truth  was 
established  by  the  following  experiments  : 

First.  If  a  lump  of  ice,  at  the  temperature  of  22^,  be  Prorcd  by 
brought  into  a  warm  room,  in  a  very  short  time  it  is  «'?«"»'««»*• 
heated  to  32^,  the  freezing  point*.     It  then  begins  to 
melt ;  but  the  process  goes  on  very  slowly,  and  several 
hours  elapse  before  the  whole  ice  is  melted.     During   ■ 
the  whole  of  that  time  its  temperature  continues  at  32^; 
yet  as  it  is  constantly  surrounded  by  warm  air,  we  have  ,. 

reason  to  believe  that  caloric  is  constantly  entering  into 
it.  Now  as  none  of  this  caloric  is  indicated  by  the 
thermometer,  what  becomes  of  it,  unless  it  has  combi- 
ned with  that  portion  of  the  ice  which  is  converted  into 
water,  and  unless  it  is  the  cause  of  the  melting  of  the 
ice  ? 

Dr  Black  took  two  thin  globular  glasses  four  inches 
in  diameter,  and  very  nearly  of  the  same  weight.  Both 
were  filled  with  water  ;  the  contents  of  the  one  were 
frozen  into  a  solid  mass  of  ice,  the  contents  of  the  other 
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were  cooled  down  lo  93^  ;  tbo  two  glnscs  w«ft  Am 
■anwniffd  in  •  large  room  tt  a  diatanoe  frooi  all  odicr 
kodiea^  the  temperature  of  the  air  being  41^.  In  half 
'afr  honr  the  thennomeler  placed  in  tbe  water  glaaa  rM 
from  SS^  to  40^9  or  seven  degrees :  the  ice  was  at  £nt 
fear  or  five  degrees  colder  than  meltiDg  snow  ;  bnt  m  t 
Ibw  minutes  the  thermometer  applied  to  it  stood  at  t2*. 
The  instant  of  time  when  it  reached  thmt  temperatue 
was  notedy  and  the  whole  left  nndiatorbed  for  ten  hoan 
and  a  half.  At  the  end  of  that  time  the  whole  ice  «u 
melted,  except  a  very  smidl  spongj  mass,  which  Bostei 
at  the  top  and  disappeared  in  a  few  minutes.  The  tern* 
perature  of  the  ice- water  was  40'. 

Thus  10  j.  hours  were  necessary  to  melt  the  ice  and 
raise  the  product  to  the  temperature  of  40*.  Duriag 
all  this  time  it  must  have  been  receiving  heat  with  the 
same  celerity  as  the  water  glass  received  it  duriog  die 
first  half^hour.  The  whole  quantity  received  then  wss 
SI  times  7,  or  1 47"^ ;  but  its  temperature  was  only  40*: 
therefore  139  or  140  degrees  had  been  absorbed  by  the 
melting  ice,  and  remained  concealed  in  the  water  into 
which  it  had  been  converted,  its  presence  not  being  in- 
dicated by  the  thermometer  *• 

That  heat  is  actually  entering  into  the  ice,  is  easily  as- 
certained by  placir.g  the  hand  or  a  thermometer  under 
the  vessel  containing  it.  A  current  of  cold  air  may  be 
perceived  descending  from  it  during  the  whole  time  of 
the  process. 

But  it  will  be  said,  perhaps,  that  the  heat  which  en* 
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ters  into  the  ice  does  not  remain  there,  but  is  altogether    Chap.IL 
f  destroyed.     Thi$  opinion  is  refuted  by  the  foUowii^ 
experiment. 

Second*  If,  when  the  thermometer  is  at  22^,  we  ez« 
pose  a  vessel  full  of  water  at  52°  to  the  open  air,  mod 
beside  it  another  vessel  full  of  brine  at  the  same  tem« 
perature,  with  thermometers  in  each  ;  we  shall  find  that 
both  of  them  gradually  lose  caloric,  and  are  cooled 
down  to  32*^.      After  this  the  brine  (which  does  not 
freeze  till  cooled  down  to  0^)  continues  to  cool  without 
interruption,  and  gradually  reaches  22°,  the  tempera* 
ture  of  the  air  ;  but  the  pure  water  remains  stationary 
at  32°.     It  freezes  indeed,  but  very  slowly;  and   du* 
ring  the  whole  process  its  temperature  is  32^.     Now, 
why  should  the  one  liquid  refuse  all  of  a  sudden  to  give 
out  caloric,  and  not  the  other  ?   Is  it  not  much  more 
probable  that  the  water,  as  it  freezes,  gradually  gives 
out  the  heat  which  it  had  absorbed  during  its  liquefac- 
tion  ;  and  that  this  evolution  maintains  the  temperature 
of  the  water  at  32®,  notwithstanding  what  it  parts  with 
to  the  air  during  the  whole  process  ?  We  may  easily 
satisfy  ourselves  that  the  water  while  congealing  is  con- 
stantly imparting  heat  to  the  surrounding  air ;  for  a 
delicate  thermometer  suspended  above  it  is  constantly 
affected  by  an  ascending  stream  of  air  less  cold  than  the 
air  around  *.      The  following  experiment,  first  made 
bv   Fahrenheit,  and  afterwards  often  repeated  by  Dr 
Black  and  others,  affords  a  palpable  evidence,  that  such 
an  evolution  of  caloric  actually  takes  place  during  con- 
gelation. 
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tUrd.  Itwhtn  the  air  is  tt  22\  we  eaqioM  to  itl 
qmatitj  of  water  in  a  tall  beer  glaaa,  with  a  diennoi 
meter  in  it  and  covered,  the  water  gradually  coolidoiia 
to  22**  without  freezing.  It  is  therefore  lO®  below  dtt 
freeaung  point.  Things  being  in  this  sitoatioo,  if  dtt 
water  be  shaken,  part  of  it  instantly  freezes  into  s 
8p<»ig7  mass,  and  the  temperature  of  the  whole  instait* 
Ij  rites  to  the  freezing  point  i  so  that  the  wmter  has  a^ 
quiredten  dcgreesof  caloricln  an  instant.  Now,  whcaes 
cane  these  ten  degrees  ?  Is  it  not  evident  that  it  aunt 
have  come  from  that  part  of  the  water  which  was  fio- 
sen,  and  consequentlj  that  water  in  the  act  of  freezing 
gives  out  caloric  ? 

From  a  good  many  experiments  which  I  have  mads 
on  water  in  these  circumstances,  I  have  found  reason  ts 
ctodude,  that  the  quantity  of  ice  which  forma  soddeolf 
on  the  agitation  of  water,  cooled  down  below  the  free* 
zing  point,  bears  always  a  constant  ratio  to  the  ooMnos 
of  the  liquid  before  agitation.  Thus  I  find  th^t  whea 
water  is  cooled  down  to  22^,  very  nearly  ^'^  of  the 
whole  freezes  *;  when  the  previous  tern*  erature  is  27% 
about  Vr  <>f  ^he  whole  freezes.  I  have  not  been  abk 
to  make  satisfactory  experiments  in  temperatures  lower 
than  22^  ;  but  from  analogy  1  conclude,  that  for  every 
five  degrees  of  diminution  of  temperature  below  thefree- 
zing  pointy  without  congelation,  -^'-g  of  the  liquid  freezes 
suddenly  on  agitation.  Therefore,  if  water  could  be 
cooled  down  28  times  five  degrees  below  32°  witboat 
congelation,  the  whole  would  congeal  instantaneously 
onagitation,  and  the  temperature  of  the  ice  would  be  32% 
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IT  it  deserves  attention,  that  5  X  2S  =  140,  gives  US  , 
Bciseljr  the  quantity  of  heat  which,  according  to  Dr 
Black's  experimcQls,  enters  into  ice  in  order  to  convert 
it  into  water.  Hence  it  follows,  that  in  all  cases  when 
water  is  cooled  down  below  32°,  it  loses  a  portion  <^ 
the  caloric  which  is  necessary  to  constitute  its  liquidity. 
The  instant  that  such  water  is  agitated,  one  portion  of 
the  liquid  seizes  upon  the  quantity  of  caloric  in  which 
it  is  deficient  at  the  expence  of  another  portion,  which 
of  course  becomes  ice.  Thus  when  water  is  cooled 
down  to  32",  every  particle  of  it  watils  10*  of  the  cs^ 
loric  necessary  to  keep  it  in  a  state  of  liquidity.  Thir* 
leen  parts  of  it  seize  ten  degrees  each  from  the  fonrw 
teenth  part.  These  thirteen  of  course  acquire  the  tem- 
perature of  32°  i  and  the  other  part  being  deprived  of 
10  X  13  =  13t),  which  with  the  ten  degrees  that  it  had 
lost  before  constitute  140°,  or  the  whole  of  the  caloric 
necessary  to  keep  it  fluid,  assumes  of  consequence  the 
form  of  ice. 

Fourth.  If  these  experiments  should  not  be  e 
dered  as  sufRcient  to  warrant  Dr  Black's  concIusioD^ 
the  following)  for  which  we  are  indebted  to  the  same 
philosopher,  puts  the  truth  of  his  opinion  beyond  the 
reach  of  dispute.  He  mixed  together  given  weights  of 
ice  at  32°  and  water  at  190°  of  (etnperature.  The  ice 
was  melted  tn  a  few  seconds,  and  the  temperature  pro- 
duced was  S3°.  The  weight  of  the  ice  was  lid  hal£* 
drams ; 

That  of  the  hot  water, 135 

of  the  mixture, 364 

of  the  glass  vessel, 10 

Sixteen  parts  of  glass  have  the  same  effect  in  healing 
cold  bodies  as  eightparlsof  equally  hoi  water.    Ther<< 
yb/.  !.  L 1 
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2£Jai.  ^^^^9  tMteadofthcia  half-drams  of  glass,  eight  of  wi. 
ttr  may  be  substituted^  which  makes  the  hot  water  t» 
mount  to  14!^  half- drams. 

Ill' this  experiment  there  were    158  degrees  of  hat 
contained  in  the  hot  water  to  be  divided  between  the 
ice  and  water.      Had  thej  been  divided  eqaaUy,  tud 
bad  the  whole  been  afterwards  sensible  to  the  thermo- 
metery  the  water  would  have  retained  444  parts  of  tbs 
heat,  and  the  ice  would  have  received  i^i  parts.    Tbn 
it  to  say,  the  water  would  hav6  retained  86^,  and  the 
set  would  have  received  72^  :  and  the  temperature  sf- 
ter  mixture  would  have  been  104^.      But  the  tempera- 
(»"€  bj  experiment  is  found  to  be  onlj    53^  ;  the  hot 
water  lost  1^7^,  and  the  ice  onlj  received  an  addition 
«f  temperature  equal  to  21^.     But   the  loss  of  18^  of 
icmpef ature  in  the  water  is  equivalent  to  the  gain  of  21* 
ill  the  ice.     Therefore   158®  —   18**  =    140**  of  beat 
have  disappeared  altogether  from  the  hot  water.   Tboe 
J40^  must  have   entered  into  the  ice,  and    converted  it 
into  water  without  raising  its  temperature  *. 

In  the  same  manner,  if  we  take  any  quantity  of  icf, 
or  (which  is  the  same  thing)  snow  at  32^,  and  mix  it 
with  aa  equal  weight  of  water  at  112°,  the  snow  in- 
aiantly  melts,  and  the  temDernture  of  the  mixture  is  onlj 
a2^.  Htr.e  the  water  is  cooled  140*',  while  the  tempc- 
ramre  of  the  snow  is  not  increased  at  all  ;  so  that  14P' 
oi  crilc)ric  have  disappeared.  They  must  have  com- 
bined wjtii  tlic  sn(>w  ;  but  they  have  onJv  melted  it 
"without  increasing  its  temperature.       Hence  it  follows 
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irresistibly,  that  ice,  when  it  is  converted  into  water, 
absorbs  and  combines  with  caloric. 

It  is  rather  difEcult  to  ascertain  the  precise  number 
of  degrees  of  heat  tliat  disappear  during  the  melting  of 
ice.  Hence  different  Statements  have  been  given.  Mr 
Cavendish,  who  informs  us  that  he  discovered  the  fad  ^ 
before  he  was  aware  that  it  was  taught  hj  Dr  Blacky 
states  them  at  150^  ;  Wilkeat  130°*  ;  Black  at  140^; 
and  Lavoisier  and  Laplace,  at  135°.  The  mean  of  the 
whole  is  very  nearly  140**. 

Water,  then,  after  being  cooled  down  to  32°,  cannot  Latent  l^t 
freeze  till  it  has  parted  with  140^  of  caloric  :  and  ice^ 
after  being  heated  to  32*^,  cannot  melt  till  it  has  ab- 
sorbed  140°  of  caloric.  This  is  the  cause  of  the  ex- 
treme slowness  of  these  operations.  With  regard  to 
tvater,  then,  there  can  be  no  doubt  that  it  owes  its  flu- 
idity to  the  caloric  which  it  Contains,  and  that  the' calo- 
ric necessary  to  give  fluidity  to  ice  is  equal  to  140**. 
-  To  the  quantity  of  caloric  which  thus  occasions  th^ 
fluidity  of  solid  bodies  by  combining  with  them,  Dr 
Black  gave  the  name  of  latent  beat,  because  its  presence 
is  not  indicated  by  the  thermometer :  a  term  suflicient- 
ly  expressive,  but  other  philosophers  have  rather  cho«» 
sen  to  call  it  caloric  ofjluidity. 

Dr  Black  and  his  friends  ascertained  also,  by  expe«* 
riment,  that  the  fluidity  of  melted  wax,  tallow,  sperma- 
ceti, metals,  is  owing  to  the  same  cause.  Landriani 
proved  that  this  is  the  case  with  sulphur,  alum,  nitre, 
and  several  of  the  metals  f  ;  and  it  has  been  found  to 
be  the  case  with  ever^   substance  hitherto  examined. 
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l>b£tell.    ^^  ^^^  cohsidcr  ir  therefore  as  a  general  law,  thif 
*      >i     ■'   whenever  a  solid  is  converted  into  a  fluid,  it  combiiiet 

with  caloric,  and  that  this  is  the  cause  of  its  floiditj. 
Latent  heit       *'*  ^^  ^"^7  ^Eperiments  to  determine  the  latent  hoi 
^^^  of  other  bodies  besides  water,  that  have  been  hitherto 

published,  arc  those  of  Dr  Irvine  t  and  his  son  Mr  Wfl. 

liam  Irvine  t-    The  following  Table  exhibits  theicsiik 

of  their  trials* 


Softnettand 
ductility 
owinjr  to 
thetame 

caiiic 


Bodies. 


Sulphur  •••< 

Spermaceti. 

L^ad 

Bees  wax  .. 

(Zinc , 

JTin   

Bismuth  •••• 


Intent  h»^-«<*«ccd 


heat 


143-68 
145 
162 
175 

493 
500 
550 


to  the  specific- 
heat  of  water 


27-14 

5-6 

48'3 

33 

23-25 


The  latent  heat  of  spermaceti,  wax,  and  tin,  were  deter- 
mined by  Dr  Irvine,  that  of  the  rest  bj  his  son.  Tht 
latent  heatin  the  second  column  expresses  the  degrees  bj 
which  it  would  have  increased  the  temperature  of  each 
of  the  bodies  respectively  when  solid,  except  in  the  case 
of  spermaceti  and  wax  ;  in  them  it  expresses  the  in^ 
crease  of  temperature  which  would  have  been  produced 
upon  them  while  fluid. 

8.  Dr  Black  has  rendered  it  exceedingly  probable  al- 
so, or  rather  he  has  proved  by  his  experiments  and  ob- 
servations,  that  the  softness  of  such  bodies  as  are  reii« 
dered  plastic  by  heat,  depends  upon  a  quantity  ofla» 
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lent  heal  which   combines  with   them.      Metals  Aaa   ,Qap.ri._ 
Yiwe  their  malleabilttjr  and  ductility  to  the  sune  ouie. 
■Hence  the  reason  that  they  become  hot  and  brittle  when 
hammered. 

II.  Thus  it  appears,  that  the  conirenion  of  solids  in^ 
to  liquids  is  occasioned  by  the  combination  of  a  dose  of 
caloric  with  the  solid.  But  there  is  another  change  of 
-State  still  more  remarkable,  to  which  bodies  are  liable 
when  exposed  to  the  action  of  heat.  Almostall  liquids, 
*when  raised  to  a  certain  temperature,  gradually  assume 
■the  form  of  an  elastic  fluid,  invisible  like  air,  and  pos- 
sessed of  [he  same  mechanical  properties.  Thus  watei, 
4)y  boiling,  is  converted  into  steam,  an  invisible  ilutd^ 
l«00  times  more  bulky  than  water,  and  as  elastic  as 
air.  These  fluids  retain  their  elastic  form  as  long  as 
-their  temperature  remains  sufficieoily  high  ;  but  when 
cooled  down  again,  they  lose  that  form,  and  are  con- 
-verted  into  liquids.  All  liquids,  and  even  a  consider- 
able number  of  solids,  are  capable  of  undergoing  this 
change  when  sulTtciently  heated. 

2.  With  respect  to  the  temperatures  at  which  liquids    Somcba- 
ondergo  thischange,  they  may  be  all  arrangedunder  two   ^"•'*""™ 
divisions.     There  are  some  liquids  which  are  gradual-   alliempcr*- 
ly  converted  into  elastic  fluids  at  every  temperature  ;   noi.     ^^ 
while  others  again  never  begin  to  assume  that  change 
til!  their  temperature  reaches  a  certain  point.     Water 
is  a  well  known  example  of  the  first  class  of  bodies.    If 
an  open  vessel,  filled  with  water,  be  carefully  examined, 
we  find  that  the  water  diminishes  in  bulk  day  after  day, 
and  at  last  disappears  altogether.     If  the  experiment 
be  made  in   a  vessel  sufficiently  large,  and  previously 
exhausted  of  air,  we  shall  find,  that  the  water  will  fill 
■the  vessel  tn  the  state  of  invisible  vapour,  in  whatever 
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6.  The  elasticity  of  all  tiie  elastic  fluids  into  whidi 
liquids  are  conrerted  hj  beat,  increases  with  At 
^  temperature ;  and  the  vapoor  formed,  when  the  S- 
widi  quid  boils  in  the  open  air^  posaesies  an  elastidtj  jtA 
equal  to  that  of  air,  or  capable  at  a  medium  of  halandiig 
a  column  of  mercurj  30  inches  high.  The  followof 
Terj  important  Table,  drawn  up  hj  Mr  Dahoa*  frou 
his  own  experiments,  exhibits  the  elasticity  of  steam  or 
the  vapour  of  water  of  every  temperature,  from  -»40* 
to  325^*  The  elasticities  of  all  the  temperatures  bfxoL 
32^  to  212^  were  ascertained  by  experioient ;  the  rest 
were  calculated  by  observing  the  rate  at  which  theehs* 
ticity  increased  or  diminished  according  to  the  tempe* 
fstare. 
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Force  of  Vap. 
in  inches  of 
Mercury. 

-40* 

•013 

-30 

•020 

-20 

•030 

-10 

•04a 

0 

•064 

1 

•066 

2 

•068 

3 

•071 

4 

•074 

5 

•076 

6 

•079 

7 

•082 

8 

•085 

9 

•087 

10 

•090 

11 

•093 

12 

•096 

13 

•100 

14 

•104 

15 

•108 

16 

•112 

17 

•116 

18 

•120 

19 

•124 

20 

•129 

21 

•134 

22 

•139 

23 

•144   f 

24 

•150 

25 

•156 

2§ 

•162 

27 

•168 

28 

•174 

20 

•180 

30 

•186 

3 
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«» 
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31^ 

32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 


•193 


•200 
•207 
•214 
•221 
•229 
•237 
•245 
•254 
•263 
•273 
•283 
•294 
•305 
•316 
•328 
•339 
•351 
•363 
•375 
•388 
•401 
•415 
•429 
•443 
•458 
•474 
•490 
•507 
•524 
•542 
•560 
•578 
•597 
•616 


I 


66** 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
9S 
96 
97 
98 
99 
100 
101 


•14 
•17 

•21 
•24 
•28 
•32 
•36 
•40 
•44 
•48 
•53 
•58 
63 
•08 
•74 
•80 
•86 
•92 


C 


02** 

03 

04 

05 

06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 


a. 


1^98 
2^04 
2*11 
2*18 
2*25 
2*32 
2'39 
2*46 

2'S3 
2-60 

2-68 
2'76 
2^84 
2^92 
3^00 
3^08 
3^16 
3*25 
3-33 
3*42 
3^50 
3-59 
3*69 
3*79 
3^89 
4'00 
4*11 
4-22 
4-34 
4*47 
4*60 
4*73 
4*86 
5*00 
5*14 

£SSL 


Chap.tr. 

Table  itftfat 
elasticity  of 


MS 


EFPECTI  OP  CAlJOMXCm 


Book  I. 


Table  continued m 


u 

3 
*^ 
n 
u 
?-» 

B 
138^ 

b  SI  ti 
5-44 

u 
3 

u 

s 

%*    CI    u 

o  c  M 

J..-    o 

• 

1 

204** 

d. 

•  -C     3 
O    Vi'     w 

• 

£ 
H 

• 

>  c    . 
*-jc  a 

<»     U    Wl 

ft.  r-4 

171° 

12-43 

25-61 

2S6° 

46-^9 

139 

5-59 

172 

12•7.^ 

205 

2ft  i:^ 

2M7 

47-20 

140 

5-74 

173 

13-02 

206 

26-60 

238 

•i8-02 

141 

5'90 

174 

13-32 

207 

27-20 

2^9 

48-84 

142 

6'C5 

1*5 

13-62 

208 

27-74 

40 

49-67 

143 

6*21 

nc 

13T'2 

209 

28-29 

241 

50-50 

144 

f)'31 

177 

14-2 

210 

28-84 

242 

31-34 

145 

6-5^ 

ns 

14-52 

211 

29-     1 

24*^ 

52-18 

146 

6-70 

179 

14-83 

212 

30-00 

244 

53-03 

I  .7 
14.S 

6VS7 

7-05 

ISO 

15-13 
15  5(i 

245 
240 

53-83 
54-68 

181 

213 

30-r.O 

149 

7-23 

132 

15-86 

n^ 

31-21 

2*7 

35-54 

l.^O 

7-42 

1S3 

16-23 

215 

31-83 

248 

36-42 

151 

7-61 

I8i 

10-61 

il6 

32-46 

249 

57'31 

152 

7-81 

185 

17-00 

217 

33-09 

2:i0 

58-21 

I  f> .) 

S'Ol 

1S6 

17-40 

218 

:i3-72 

251 

1 

59-12 

i.'t 

8  20 

187 

17-80 

2HJ 

:u-33  f 

2  3  2 

6<)'0  3 

8-4^1 

iSS 

lS-20 

22C» 

34-<)0 

2o3      61*00  1 

136 

8-(>r) 

IJ^C) 

18  •^o 

221 

35-()S    t 

2  34 

61-02 

i:>7 

s-si 

190 

19-00 

.» (^O 

3()-J5 

23>3 

C52-S3 

i:>8 

<r(>2 

ll»l 

19*42 

J2^ 

.3<i-S8 

2  30 

(iJ-lti 

159 

<)-L'4  i 

IPC 

19-8ft 

J  24 

37  33 

2  3  7 

o4-b2 

l()0 

t)'4f) 

i9:i 

.0-32 

223 

38- 20 

2.^8 

63-7S 

](il 

t>-fiS    ' 

]V)1 

20*77 

22f) 

38-89 

23<>   |6f)-75 

1()2 

OMU    ! 

1«>5 

2  1  '22   ' 

227 

30-3() 

2    ()    (67-73 

li.J 

10-13  : 

ij  ^  t» 

21-68   \ 

;228 

1 

4i-:iO     ! 

i, 

J/ .  1 

f:H'72 

104 

iO-il    ! 

I«7 

22-13   i 

\1JJ 

41  ('2    ti 

J(i2 

61)"":  2 

1'.5 

jo-ob  i 

11 1)8 

22-C9    i 

!2:K) 

,41-73 

42-4  9    i' 

2(i3 

7<3-7:) 

li  ') 

l'«-'.o  i 

\X\-\^ 

j3-if.  ; 

l2:ji 

264 

71-74 

Jf;T 

J  l-Jj    ! 

.-00 

2:>-M  1 

'2:^2 

43-24 

2^5 

72-76 

loS 

ir.. i  i 

'-(>! 

J4-12 

!2.-J3 

44-00 

2uC) 

73*77 

J()9 

J  1-S3    \ 

24-61 

'2-H 

1 

44-78 

26  7 

74-79 

^170 

JjrU  i 

1  O  /^  o 

25-10 

'235 

.45-38 

1 

1^68 

73-80 

FLUIDITY. 


Table  continued* 


Temperature. 

Force  of  Vap. 
in  inches  of 
Mercury. 

• 

ka 

3 

«i 

u 

p. 

1 

284^ 

• 
u   C    ** 

• 

s 

Force  of  Vap. 
in  inches  of 
Mercury. 

6 

i 

a 

• 
Ci. 

g.SS; 
125-85 

269°:  76-82 

93-23 

298** 

109-48 

312« 

210  7T85 

283 

94-35 

299 

110-64 

313 

127-00 

271 

78  b9 

286 

95-48 

300 

111-81 

314 

128-15 

272 

79-94 

287 

96-64 

301 

112-98 

315 

129-29 

273 

80-98 

288 

97-80 

302 

114-15 

316 

130-43 

274 

82-01 

'289 

98-96 

303 

115-32 

317 

131-57 

275 

8313 

1 

1290 

100-12 

304 

116-50 

318 

132-72 

276 

84-35 

291 

101-28 

305 

117-68 

319 

133-86 

277 

85-47 

.92 

102-45 

SOd 

118-80 

320 

135-00 

273 

86-50 

.'293 

1 

103-63 

307 

120-03 

1 

321 

136-14 

279 

87-63 

294 

1,04-80 

308. 

121-20 

322 

137-28 

280 

88-75 

:^95 

105-97 

309 

122-37 

323 

138-42 

281 

89-87 

296 

107-14 

3ia 

12^-53 

324 

139-56 

282 

90-99 

297 

108-31 

311 

124-6Q 

325 

140-70 

283 

92-11 

7.  Mr  Dalton  has  shown,  that  if  we  consider  the  ex-  Elasticitfcf 


panston  of  mercury,  hs  according  to  the  square  of  the 
temperature,  then  the  force  of  vapour  increases  in  a 
geometrical  progression,  bj  equal  increments  of  tern- 
jperature,  reckoning  these  increments  upon  his  new 
thermometric  scale.  The  ratio  of  the  progression  h0 
finds  tQ  be  1-321.  In  like  manner  the  force  of  the  va« 
pour  of  ether  increases  in  a  geometrical  progression,  the 
ratio  of  which  is  1-2278.  But  the  increase  of  the  force 
of  the  vapour  of  alcohol,  of  the  specific  gravity  0*87,  he 
finds  to  be  irregular.     He  has  drawn  as  a  conclusion 

torn  his  experiments,  that  the  vapour  of  all  pure  liquids 
[creases  in  force  in  a  geometrical  progression  to  the 
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temperature,  but  the  ratio  it  different  in  different  fluid!. 
The  vapour  of  alcohol  diflfers  from  this  law,  becaim 
Ytis  in  reality  a  mixture  of  two  distinct  vapours,  name* 
1  J,  that  of  water,  and  that  of  alcohol.  The  followog 
Table  exhibits  the  force  of  vapour  of  ether  and  alcohol, 
for  everj  ten  degrees  of  Mr  Dalton's  new  thermometct 
from  the  freezing  to  the  boiling  f>oiiK  of  water,  as  » 
certained  bj  that  gentleman's  experiments  ^. 
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Vapminarc        7.  Such  arc  the  phenomena  of  the  conversion  of  li- 

b?n"d'wX  •l"^^^  ^"^°  ^^^^^^^  ^^'^*"     ^^  ^^^^  applied  his  theory 
ci^nc«         ^f  latent  heat  to  this  conversion  with  great  sagacitj, 

and  demonstrated  that  it  is  owing  to  the  very  same 


*  Dalton's  \etv  SysUm  of  chtmtcal philosophy ^  p.  I4. 

f  The  corresponiling  degrees  of  the  common  thermometer  will  k 
found  in  page  joz  of  this  volume.  The  degrees  in  the  tabic  were  pre- 
served to  show  the  geometrical  progression  in  the  force  of  the  vapoor^ 


s 

4ituse  dT  the  conversion  of  solids  into  liquids ;.  nameljv    ^'^  ''* 
to  the  combination  of  a  certain  dose  of  caloric  with  the 
liquid  without  any  increase  of  temperature.     The  trutb 
•f  this  very  important  point  was  established  by  the  fol- 
lowing experimentB* 

First.  When  a  vessel  of  water  is  put  upon  the  firc^ 
the  water  gradually  becomes  hotter  till  it  reaches  212^  ;■ 
afterward»  its  temperature  is  not  increased.  Now  ca« 
loric  must  be  constantly  entering*  fromtthe  fire  and  com* 
bining  with  the  water*  But  as  the  water  does  not  be- 
come hotter,  the  caloric  must  combine  with  that  part  of 
it  which  flies  off  in  the  form  of  steam*:  but  the  tempe- 
rature of  the  steam'  is  only  212^  :  therefore  the  caloric 
combined  wkh  it  does  not  increase  its  temperature.. 
We  must  conclude,  then,  thai  the  change  of  water  t<y 
steam  is  owing  to  the  combinatioa  of  this  caloric  ^  foe 
ift  produces  no-  other  change^ 

Dr  Black  put  some  water  in  a  tin-pLate  vessel  upon 
a  red  hot  iroii>.  The  water  was  of  the  temperature  50° :. 
in  four  minutes  it  began  to  boil,  and  in  20  minutes  it  was 
all  boiled  off.  During  the  first  four  minutes  it  had  recei- 
ved 162^9  or  404-^  per  mtnule.  If  we  suppose  that  il 
received  as  much  per  minute  during  the  whole  pvoces» 
of  boiling,  the  caloric  whidi  entered  into  the  water  and 
converted  it  into  steam  would  amount  to  4d^  X  20  sz 
810°  *.  This  caloric  is  not  indicated  by  the  thermone- 
ter,  for  the  temperature  of  steam  is  only  212° ;  there* 
fere  Dr  Black  called  it  latent  beat. 

Second.  Water  may  be  heated  in  a  Papin's  digester  to 
40O*  without  boiling;  because  the  steam  is  fordblj 


^  Black't  Lectvrth  >•  157* 
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compressed,  and  preveatcd  fricHQ  i&aking  its  escape.  If 
the  motith  of  the  vessel  be  sndcieQly  opened  whik 
things  »re  in  this  state,  part  of  the  water  rushes  oatii 
the  fonn  of  steam,  but  the  greater  part  still  remains  is 
the  form  of  water,  and  its  temperature  instantly  siiib 
to  212"^  ;  consequently  18$^  of  caloric  have  suddeolj 
disappeared.  This  caloric  must  have  been  carried  of 
by  the  steam.  Now  as  only  about  -^-th  of  the  water  is 
converted  into  steam,  that  steam  most  contain  not  only  its 
own  188^,  but  also  the  188^  lost  by  each  of  the  other 
four  parts  ;  that  is  to  say,  it  must  contain  188^  X  5* 
or  about  940^.  Steam,  therefore,  is  water  combined 
with  at  least  940^  of  caloric,  the  presence  of  which  is 
not  indicated  by  the  thermometer.  This  experiment 
was  first  made  by  Dr  Black,  and  afterwards,  with  more 
precision,  by  Mr  Watt. 

Third.  When  hot  liquids  are  put  under  the  receiver 
of  an  air  pump,  and  the  air  is  suddenly  drawn  off,  the 
liquids  boil,  and  their  temperature  sinks  with  great  ra- 
pidity a  considerable  number  of  degrees.  Thus  water, 
however  hot  at  first,  is  very  soon  reduced  to  the  tem- 
perature of  10^  ;  and  ether  becomes  suddenly  so  cold 
that  it  Ireeyxs  water  placed  round  the  vessel  which  con- 
tains it.  In  these  cases  the  vapour  undoubtedly  carries 
off  the  iicat  ot  the  liquid  ;  but  the  temperature  of  the 
vapour  is  never  greater  ihan  that  of  rhe  liquid  itself: 
the  heat  llieiefore  must  combine  with  the  vapour,  and 
become  latent. 

Fourth.  It  one  part  of  steam  at  212°  be  mixed  with 
nine  parts  by  weight  of  water  at  (i2^\  ihe  steam  instant- 
ly assumes  the  form  of  water,  and  the  temperature  af- 
ter  mixture  is  ITS-o""  ;  consequently  each  of  the  nine 
parts  of  water  has  received  llG'G^  of  caloric  ;  conse- 
quently  the  steam  has  lost  9  X  ll(i-6°.  =  1049-4^  of 


caloric.     Bat  as  the  temperatore  of  the  steam  is  dimi-  ^'    •■ 

Dished  by  33'3^,  we  must  subtract  this  sum.  There 
will  remain  rather  more  than  1000**,  which  is  the  quan- 
tity of  caloric  which  existed  in  the  steam  without  in- 
creasing its  temperature*  This  experiment  cannot  be 
made  directly ;  but  it  may  be  made  by  passing  a  given 
^weight  of  steam  through  a  metallic  worm,  surrounded 
"by  a  given  weight  of  water.  The  heat  acquired  by  the 
'water  indicates  the  caloric  which  the  steam  gives  out 
daring  its  condensation.  From  the  experiments  of 
Mr  Watt  made  in  this  manner,  it  appears  that  the  la- 
tent heat  of  steam  amounts  to  940^.  The  experiments 
of  Mr  Lavoisier  make  it  rather  more  than  lOOO*. 

By  the  experiments  of  Dr  Black  and  his  friends,  it 
was  ascertained,  that  not  only  water,  but  all  other  liquids 
during  their  conversion  into  vapour,  combine  with  a 
dose  of  caloric,  without  any  change  of  temperature ;  and 
that  every  kind  of  elastic  fluid,  during  its  conversion  ^ 

intp  a  liquid,  gives  out  a  portion  of  caloric  without  any 
change  of  temperature.  Dr  Black's  law,  then,  is  very 
genera],  and  comprehends  every  change  in  the  state  of 
a  body.  The  cause  of  the  conversion  of  a  solid  into  a 
liquid  is  the  combination  of  the  solid  with  caloric;  that 
of  the  conversion  of  a  liquid  into  an  elastic  fluid  is  the 
combination  of  the  liquid  with  caloric.  Liquids  aris 
solids  combined  with  caloric ;  elastic  fluids  are  liquids 

combined  with  caloric.     This  law,  in  its  most  general   Genfrallaw 

discoYered 
form,    may  be  stated  as    follows :     Whenever  a   body   byDrBltclk 

changes  its  statCy  it  either  combines  with  caloric  or  sepa^* 

rates  from  caloric. 

No  person  will  dispute  that  this  is  one  of  the  nM)st 

important  discoveries  hitherto  made  in  chemistry.    Sci- 

seems  indebted  for  it  entirely  to  the  sagacity  of  Dr 
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Black*  Other  philosophers  indeed  have  laid  daiitf  ti 
it ;  but  these  claims  are  either  without  any  fbundatioB^ 
or  their  notions  may  be  traced  to  Dr  Black's  kctivd^ 
or  their  opinions  originated  man j  years  posterior  to  tk 
public  explanation  of  Dr  Black's  theory  in  the  chenucal 
chairs  of  Glasgow  and  Edinburgh. 

III.  A  verj  considerable  number  of  bodies,  both  so- 
lids and  liquids,  may  be  converted  into  elastic  fluids  hj 
heat ;  and  as  long  as  the  temperature  continues  snfi- 
ciently  high,  they  retain  all  the  mechanical  propertki 
of  gaseous  bodies.  It  is  exceedingly  probable,  that  if 
we  could  command  a  heat  sufficiently  intense,  the  same 
change  might  be  produced  on  all  bodies  in  natnrs. 
This  accordingly  is  the  opinion  at  present  admitted  bj 
philosophers.  But  if  all  bodies  are  convertible  ioto 
elastic  fluids  bj  heat,  it  is  exceedingly  probable,  that  all 
elastic  fluids  in  their  turn  might  be  converted  intosolidi 
or  liquids,  if  we  could  expose  them  to  a  low  enongk 
temperature.  In  that  case,  all  the  gases  must  be  sup- 
posed to  owe  their-  elasticity  to  a  certain  dose  of  calo- 
ric :  they  must  be  considered  as  compounds  of  caloric 
with  a  solid  or  )iqp.id  bodj.  This  opinion  was  first 
stated  by  Amontons ;  and  it  was  supported,  with  much 
ingenuity,  both  by  Dr  Black  and  by  Lavoisier  and  his 
associates.  It  is  at  present  the  prevailing  opinion; 
and  it  is  certainly  supported  not  only  by  analogy,  bat 
by  several  very  striking  facts. 

1.  If  its  truth  be  admitted,  v^e  must  consider  all  the 
gases  as  capable  of  losing  their  elasticity  by  depriving 
them  of  their  heat :  they  differ  merely  from  the  vapours 
in  the  great  cold  which  is  necessary  to  produce  this 
change.  Now  the  fact  is,  that  several  of  the  gases 
may  be  condensed  into  liquids  by  lowering  their  temp*- 
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ratures.     Oicj-muriatic  acid  gas  becomes  liquid  at  a     Chap.  IL 
temperature  not  much  under  40^  ^  and  at  32^  it  even 
forms  solid  crystals.     Ammoniacal  gas  condenses  into 
a  liquid  at  — 45^.     None  of  the  other  gases  have  been 
hitherto  condensed. 

2.  It  is  well  known  that  (he  condensation  of  vapours  ^^  pre** 
is  greatly  assisted  by  pressure ;  but  the  effect  of  pres* 

sure  diminishes  as  the  temperature  of  vapours  increases. 
It  is  very  likely  that  pressure  would  also  contribute  to 
assist  the  condensation  of  gases.  It  has  been  tried 
without  effect  indeed  in  several  of  them.  Thus  air  has 
been  condensed  till  it  was  heavier  than  water ;  yet  it 
showed  no  disposition  to  lose  its  elasticity.  But  this 
may  be  ascribed  to  the  high  temperature  at  which  the 
experiment  was  made  relative  to  (he  point  at  which  air 
would  lose  its  elasticity. 

3.  At  the  same  time  it  cannot  be  denied,  that  there  O^ctio© 

totheopi* 
fire  several  phenomena  scarcely  recoocileable  to  this  con-  mon. 

stitntion  of  the  gases,  ingenious  and  plausible  as  it  is* 
One  of  the  most  striking  is  the  sudden  solidification 
which  ensues  when  certain  gases  are  mixed  together. 
Thus  when  ammoniacal  gas  and  muriatic  acid  gas  are 
mixed,  the  product  is  a  solid  salt :  yet  the  heat  evolved 
is  very  inconsiderable,  if  we  compare  it  with  the  dif- 
ficulty of  condensing  these  gases  separately,  and  the 
great  cold  which  they  endure  before  losing  their  elasti- 
city. Iii  other  cases,  too,  gaseous  bodies  unite,  and 
form  a  new  gas,  which  retains  its  elasticity  as  power- 
fully as  ever.  Thus  oxygen  gas  and  nitrous  gas  com- 
bined form  a  new  gas,  namely,  nitric  acid,  which  is  per- 
manent till  it  comes  into  contact  with  some  body  on 
iK^ich  it  can  act. 
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bodies. 


III.     Changes  ly  CoMrosiTioir. 

Caloric  not  only  increases  the  bulk  of  bodies,  and 
changes  their  state  from  solids  to  liquids  and  from  li- 
quids to  elastic  fluids  ;  but  its  action  decomposes  a  great 
number  of  bodies  altogether,  either  into  their  elements, 
or  it  causes  these  elements  to  combine  in  a  differenl 
manner.  Thus  when  ammonia  is  heated  to  redness,  it 
is  resolved  into  azotic  and  hydrogen  gases.  Alcohol, 
.by  the  same  heat,  is  converted  into  carbureted  hydro- 
gen and  water. 

1 .  This  decomposition  is  in  many  cases  owing  to  the 
difference  between  the  volatility  of  the  ingredients  of  a 
compound.  Thus  when  weak  spirits,  or  a  combioatioo 
of  alcohol  and  water,  are  heated,  the  alcohol  separates, 
because  it  is  more  volatile  than  the  water. 

2.  In  general^  the  compounds  which  are  but  little  or 
not  at  all  affected  by  heat^  are  those  bodies  which  have 
been  formed  by  combustion.  Thus  water  is  not  decern* 
posed  by  any  heat  which  can  be  applied  to  it ;  neither 
are  phosphoric  or  carbonic  acids. 

3.  Almost  all  the  combinations  into  which  oxygcD 
enters  without  having  occasioned  combustion,  are  de- 
composable by  heat.  This  is  the  case  with  nitric  acid, 
hyperoxymuriatic  acid,  and  many  of  the  metallic  ox« 
ides. 

4.  All  bodies  that  contain  combustibles  as  compo- 
nent parts  are  decomposed  by  heat.  Perhaps  the  me- 
tallic alloys  are  exceptions  to  this  rule  ;  at  least  it  is  not 
in  our  power  to  apply  a  temperature  high  enough  to 
produce  their  decomposition,  except  in  a  few  cases. 

5.  When  two  combustible  ingredients  and  likewise 
oxygen  occur  together  in  bodies,  they  are  always  verj 


r 
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cftsily  decomposed  by  heat.     Tliis  is  the  case  with  the   .  Chf-  ^ 
greater  number  of  animal  and  vegetable  substances. 

But  it  is  unnecessary  to  enlarge  any  farther  on  this 
subject,  as  no  satisfactory  theory  can  be  given.  The  de- 
compositions will  all  be  noticed  in  describing  the  dilFcr' 
ent  compounds  which  are  to  occupy  our  attention  in  the 
subseij^ucnt  pact  of  this  Work. 


OP   THE    qUANTITT    OF   CALORIC    llf    BODIES, 

Having,  in  the  second  Section  of  this  Chapter,  shown 
that  caloric  is  capable  of  moving  through  all  bodies  f 
and  in  the  third,  that  it  gradually  diiTusts  itself  through 
eJl  contiguous  bodies  in  such  a  manner  that  they  as- 
sume the  same  temperature — the  next  point  of  discussion 
which  presented  itself  was  the  quantity  of  caloric  in  bo- 
dies. When  different  bodies  have  the  same  tempera- 
tore,  do  they  contain  the  same  quantity  of  caloric^  Is 
the  same  quantity  necessary  to  produce  the  same  change 
of  temperature  in  all  bodies?  What  is  the  point  at  which 
a  thermometer  would  stand  if  it  were  plunged  into  x 
body  deprived  of  heat  altogether?  or  what  is  the  com- 
mencement of  the  scale  of  temperature  ?  But  these 
questions  could  not  be  examined  with  any  chance  of 
iliccess  while  we  were  ignorant  of  the  effects  which  ca- 
loric produces  on  bodies  i  because  it  is  by  these  effects 
■lone  that  the  quantity  of  caloric  in  bodies  is  measured. 
Thu  rendered  it  necessary  for  us  to  employ  the  fouilh 
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Section  in  the  erannnttten  of  these  eilects.  Let  ot  bmv 
apply  the  knowledge  whidi  we  Iiatv  acquired  to  the  n- 
Testigation  of  the  quaatitj  of  ealorie  in  bodies.  This 
iD^i^estigation  natnrallj  drridei  itself  into  tliree  paiti: 

1.  The  relative  quantities  of  ealorie  in  bodies,  or  fte 
^antities  in  each  necessary  to  produce  a  giTca  change 
of  temperature.    This  is  ostiallj  termed  sp€ciJU  cabrk, 

2.  The  absolute  quantity  of  caloric  which  exists  in  bo- 
dies. 3.  The  phenomena  of  coH  or  the  absence  of  ct- 
loric.     These  three  topics  shall  be  exaxnioed  in  order. 

I.  Of  the  SrcciFic  Calokfc  of  Bodies. 

5peci6c  €!•  If  equal  weights  of  waler  and  speraaaceti  oil,  at  differ- 
yibliicd.  ent  temperatures,  be  mixed  together  and  agitated^  it  is 
natural  to  expect  that  the  nuxtore  woidd  aeqnire  the 
mean  temperature  Suppose,  Sat  instancy  that  the 
temperature  of  the  watev  were  10O%  mod  tbat  of  the 
oil  50^,  it  is  reasonable  to  suppose  that  the  water  would 
be  cooled  25^  and  the  oil  heated  25^,  and  that  the  tem- 
perature after  the  mixture  would  be  75^.  But  whea 
the  experiment  is  tried,  the  result  is  rery  far  from  an- 
swering this  apparently  reasonable  expectation :  for  the 
temperature  attcr  mixture  is  8'if  *  ;  constrquentlj  the 
water  has  only  lost  !(>}>  while  the  oil  has  gained  33|. 
On  the  other  hand,  if  wc  mix  together  equal  weights  ot 
water  at  30^,  and  oil  at  100%  the  temperature,  after  agi- 
tation, will  be  only  ()6f|  so  that  the  oil  has  given  out 
33  J^,  and  the  wattT  has  receired  onlj  IG^.  This  ex- 
l>eriment  demonstrates,  that  tKp  same  quantit  j  of  caloric 
it»  not  required  to  raise  spermaceti  oil  a  given  number 
of  degrees  which  is  necessary  to  raise  water  the  saiae 
number.     The  quantity  oi  caloric  whicb  raises  the  oil 


a 2},  raises  water  oaly  G^-j  consequently  th-  caloric    Clnp,iL^ 
which  raises  the  temperature  of  water  l°  will  raise  that 
of  the  same  weight  of  spermaceti  2°>, 

If  other  substances  be  tried  in  the  same  manner,  it 
will  be  found  that  tbejr  siU.  differ  from  each  other  in  the 
quantity  of  caloric  which  is  necessary  to  heat  each  of 
them  to  a  given  temperature  4  some  requiring  more 
than  the  same  weight  of  water  would  do^  others  less ; 
but  every  oae  requires  a  quantity  peculiar  to  itself. 
Now  the  quantity  of  caloric  which  a  body  requires,  in 
order  to  be  heated  to  a  certain  temperature^  (one  degree 
for  instance),  is  called  the  i^$cijic  caloric  of  that  body. 
We  do  not  indeed  know  tiie  absolute  quantity  of  calo- 
ric which  is  required  to  produce  a  certain  degree  of 
heat  in  any  body  ,  but  if  the  unknown  quantity  neces* 
sary  to  heat  water  (i^  for  instance)  be  made  :=  ),  we 
«a&  determine,  by  experiment,  how  much  more,  or  how 
much  less  caloric  other  bodies  xequire  to  be  heated  the 
same  number  of  degrees*  Thus  if  we  find  by  trial 
that  the  quantity  of  caloric  which  beats  water  1^,  beets 
the  same  weight  of  spermaceti  oil  £%  it  follows,  that 
4he  specific  calorjc  of  w«ter  is  two  times  greater  than 
that  of  the  oil ;  therefore  if  the  specific  caloric  of  water 
-^  1,  that  of  spermaceti  oil  mustbe  =:  0*5.  In  this  man- 
ner  may  the  specific  caloric  of  all  bodies  be  found. 

That  the  specific  caloric  of  bodies  is  different,  was  History. 
£rst  pointed  out  by  Dr  Black  in  htslecUires  at  Glasgow 
between  1760  and  JL7«5*.      Dr  Irvine  afterwards  in- 
vestigated the  subject  between  1765  and  1770  f  ;  and 
Dr  Crawford  published  a  great  number  of  experiments 


•  Biack*8  Lttturet,  i  504.  f  Ibid. 


f  oa  h  in  hi%  Tratiise  om  HfMi.  Tbae  tbree  philotophoi 
denoted  this  property  bj  the  pimsa  cafmeUj  mf  UBm 
far.  heat.  But  Profetior  Wild^e  of  StodLhobn,  win 
paUithed  the  first  set  of  experimeDts  od  the  snhjed^ 
introduced  the  term  spteyk  cmbrit  s  which  has  heet 
geiiendl  J  edopted,  bectate  the  phrase  eopacityjw  cA* 
rie  u  liable  to  ambiguitj,  and  has  mtroduccd  confarioa 
into  this  subject  ^. 

The  ezperiments  of  Mr  IX^cke  were  first  puUtsbcl 
in  the  Stockholm  Transaetioot  for  1772,  but  had  beei 
read  to  the  Swedish  Academy  as  early  as  1771.  The 
manner  in  which  they  were  conducted  is  czoeedii^lf 
ingenious,  end  they  furnish  us  with  the  specific  caloric 
of  msny  of  the  metals.  The  metal  on  which  the  expcn* 
ment  was  to  be  made  was  first  weighed  accurately  (ge- 
nerally one  pound  wes  taken),  and  then  being  snspcai 
ed  by  a  thread;  was  plonged  into  a  large  veaael  of  tb- 
plate,  filled  with  boiling  water,  and  kept  there  till  it  s^ 
quired  a  certain  temperature,  which  was  ascertained  bj 
a  thermometer.  Into  another  small  box  of  tinplate  ex- 
actly as  much  water  at  92^  was  put  as  equalled  tbc 
weight  of  the  metal. "  Into  this  vessel  the  metal  wai 
plunged,  and  suspended  in  it  so  as  not  to  touch  its  sides 
or  bottom  ;  and  the  degree  of  heat,  the  moment  the 
metal  and  water  were  reduced  to  the  same  tempera- 
ture, was  marked  by  a  very  accurate  thermometer,  from 
the  change  of  temperature,  he  deduced,  by  a  very  in- 
genious calculation,  the  specific  caloric  of  the  metal^ 
that  of  water  being  considered  as  unity  f  • 


*  The  tcrni  tpecije  eaUru  hai  been  employed  in  a  different  Kme  bj  %^ 
piin.    He  Uh^d  it  for  the  vtMt  taUrk  which  a  bodj  cootain^ 
t  The  following  is  the  proceai  of  reuoning  by  uriiich  he  wat  led  to 
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»i      Nezt^  in  poiat  of  time,  and  not  inferior  in  ingenious     C3uip.  n. 
^contrivances  to  ensure  accuracj,  were  the  experiments 
^  of  Dr  Crawford,  made  by  mixing  together  bodies  of 


3: 

^  his  conclusions.    He  first  calculated  what  the  temperature  would  have 
^  been  if  a  quantity  of  water,  equal  In  weigbi  to  the  metal,  and  of  the  same 

temperature  with  it,  had  been  added  to  the  ice-cold  water  instead  of  the 

metal 
fit      Let  M  be  a  quantity  of  water  at  the  temperatore  C,  m  another  qiian> 
f  tity  at  the  temperature  r,  and  let  then*  conunon  temperature  after  mixture 
^   be«f  according  to  a  rule  demooscrated  long  ago  by  Richman,  m  mm 

^  , — .  In  the  present  case  the  quantities  of  water  are  equal,  there- 
fore M  and  m  are  each  =  i ;  C,  the  temperature  of  the  ice-cold  water* 
■B  31 ;  therefore  .--JJL  J!!f »  i-X-.    Now  c  is  the  temperature  of  the  # 

metaL  Therefore  if  34  be  added  to  the  temperature  of  the  metal,  and 
the  whole  be  divided  by  1,  the  quotient  will  express  the  temperature  of 
the  mixture,  if  an  equal  weight  of  water  with  the  metal,  and  of  the  sanne 
temperature  with  it,  had  been  added  to  the  ice-cold  water  instead  of  the 

He  then  calculated  what  the  temperature  of  the  mixture  would  have 
been,  if,  instead  of  the  metal,  a  quantity  of  water  of  the  same  tempera- 
ture with  it,  and  equal  to  the  metal  in  Mi,  had  been  added  to  the  ice-cold 
water.  As  the  weights  of  the  ice-cold  water  and  the  metal  are  equal, 
their  volumes  are  inversely  as  their  apeciBc  gravities.  Therefore  the  vo- 
lume of  ice-cold  water  is  to  a  quantity  of  hot  water  equal  in  volume  to  the 
metal,  as  the  specific  gravity  of  the  met al  to  that  of  the  water.  Let  M 
m  volume  of  cold  water,  a*  »»  volvmeof  hot  water,  ^^  =  specific  gravity 
of  the  metal,  i  ==  specific  gravity  of  water  ;  then  m:  M  : :  t '  gi  hence 

M  I 

«  »  --  «=(M  being  made  «=x)  -.     Substituting  this  value  of  w  in  the 

formula,  —rr—?- ■---««  «» »"  which  M  «  x  and  C  =-«  3a,  will  be  «= 

V-  g  "Tf     Therefore  if  the  specifie  gravity  of  the  metal  be  multiplied  by 

32,  and  the  temperature  of  the  mecal  be  added,  and  the  turn  be  divided  by 
the  specific  gravity  of  the  metal  -4-  I,  the  quotient  will  express  the  tem- 
perature to  ^'hich  the  ice-cold  water  would  he  raised  by  adding  to  it  a 
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Bfxk  I.      diSereat  temperaturet.     These  were  published  lo  h 

Treatise  on  Beat.      In  the  first  edition  many  enorsbad 

crept  into  his  deductions^  from  his  not  atteouding  to  lis 

chemical  changes  produced  by  mixing  many  of  the  sq'b- 

jects  of  his  experiments.     These  were  corrected  bjb^ 


Tolunic  of  water  cqua^  to  that  of  die  mecad,  and  of  the  ttame  ccxnptfrtft 
wkh  it. 

He  then  calculated  how  much  water  at  the  temperature  of  the  iwtalic 
would  cake  to  raise  the  ice-cold  water  the  lame  number  of  degrcaivrhic 
the  metal  had  raiKd  it.    i>ct  the  temperature  to  vhkh  thciuctaika^ 

raised  the  ice-cold  water  be  »  N,  i£  in  the  fomuiU      ,.   ,    *'  =x,  i 

be  made  «=   N.  M  «    i,C   «  31,  w  will   he  =.  ?illi?.  Tbstfcc 

c — N 

if  from  the  temperature  to  which  the  ice-cold  wrater  wai  raised  by  '^ 
d  metal  32  be  subtracted,  aud  if  from  the  temperature  of  the  metal  Vevb- 
tracted  the  temperature  to  which  it  raiKd  the  water,  and  the  fin:R* 
maiodrr  be  cilvided  by  the  last,  ihe  quotient  will  express  the  qoxntif)  d 
wu»rr  of  tlu*  temprn-iture  of  the  mccai  uhich  would  liave  raised  tbe  kt 
cold  \\.\UT  the  hame  Dumber  of  degrees  that  the  metal  did. 

N  \v ^7   c>prc-*S'-8  the  spcciBc  cahiric  of  the  nictal,  that  of  fn:c: 

Veiijr  I .  For  (ne^'Ieainjj  the*ma11  di/Tercnce  occayioncd  hy  the  die* 
rcncf  «if  ftmpcratiiro")  the  wei-ht  an»l  volume  of  the  ice-coM  water  arra 

the  Weight  avA  vr.lu:nc  <.f  the  hot  water  w  i  to  "    ,  and  the  nuL* 

berui  ^  ;irticU&  if  A^aur  in  each  are  in  the  koiiic  proportion.  Bvttk 
mcral  is  equal  in  weijiht  to  the  ice-cold  water  ;  it  n^U'^t  therefore  coctM 
a*  many  p  iticlcs  oi  matter;  therefcrv'  the  quantity  of  mutter  izi  the  mffil 

N  —  3* 

must  he  to  that  in  the  hot  water  as  I  to  — ;2_"r;  •      But  tiif  7  gave  ocT 

the  s;iiue  q'-antity  of  ciloric  ;  which,  being  divided  equally  amongtkrr 
pinticlis,  ^^ivi's  t  each  particle  a  quantity  of  caloric  inverse  If  a*th;bn!l» 
of  tlic  mct.il  aiid  water;  that  is,  thcbpecific  caloric  of  the  water  a  to 62: 

N  —  T^Z 
f)[  the  metal  as  i  to  - '     *. 

c  —  N 


*  All  tht  "ie  f.)rnMil.)5  have  ben  altered  to  m»kc  them  correspond  wJ» 
r.iJirci.het's  the  inioMuter,  They  .*re  a  good  d:al  simpler  whiTU  rhi  ci- 
ptrinun;.%art  n.a  !  w'th  »  cNiuit's thc.niome;cr,as  Air  WMckc  did.  !n^ 
the  ireczn^  poirt  is  7ero ;  and  c\;n5cqueutly,  instead  of  31  in  the  kmaaU. 

o  i^  always  sui:ttitutcd> 


subsequent  ezperimeats,  and  the  Gwrecttoni  inwfted  in  Ouf.  u 
his  second  ediiion.  The  method  which  he  emplojed 
was  essentially  the  same  with  that  which  had  been  at  first 
suggested  by  Dr  Black.  Two  substances  of  different 
temperatures  were  mixed  uniformly  ;  and  the  change 
of  temperature  produced  on  each  by  the  mixtore  wai 
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It  n  necdW  10  uld,  ihit  the  luc  a 
ntci£c  caloric  of  ihc  metal;  thentimi 


fie  caloric  of  « 
tnoacilytheu 


m  mark •  the  denoouauia'  cf  the' 
V  beiof  alvayt  1 ,  and  thcifcci- 

T  bcin?  I.    Thui  the  necific  caloric  of  eolil'i 

^  *  1971. 

I e  manner,  and  b]t  (iking  a  Rirap  af  a  nDitiher  ofei- 
peiimennat  diRercnltempcriturei,  did  Mr  1||  ilcke  aicertaiti  the  q«ciGc 
caloric  ot  a  number  of  other  bodien. 

*  The  ipccific  caliiric  of  water  being  considered  a*  i,  the  (brmuU  tra* 
at  Iblloni ;  l.ct  ihc  qiiintity  of  water  (which  untallf  cooatituted  one  of 
i!ie  lubiiance^  mixcrl)  be  W,  and  iti  temperature  ir.  I.et  the  iguaDtitT 
of  the  other  bodjr.  whoie  ipecific  caloric  i*  to  be  atcenaiDcd,  be  B,  and 
Let  (he  tempcrattirearietininnre  be  m.    The  tfed- 
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To  the  labours  of  this  ingenious  and  correct  expert'   ^Chap.  ii. 
menter  we  are  indebted  for  some  of  the  most  remark- 
able facts  respecting  specific  caloric  that  are  yet  known*. 

Several  experiments  on  the  specific  caloric  of  bodies 
vrere  made  also  by  Lavoisier  and  Laplace,  which  from 
the  well-known  accuracy  of  these  philosophers  cannot 
but  be  very  valuable. 

Their  method  was  exceedingly  simple  and  ingenious; 
it  was  first  suggested  by  Mr  Laplace.  An  instrument 
was  contrived,  to  which  Lavoisier  gave  the  name  of  ca» 
lorimeter.  It  consists  of  three  circular  vessels  nearly  in- 
scribed into  each  other,  so  as  to  form  three  different  a* 
partments,  one  within  the  other. .  These  three  we  ^all 
call  the  interior f  middle^  and  external  cavities*  The  in* 
tenor  czvixy  ffff  (%ee  section  of  the  instrument  fig.  11.) 
into  which  the  substances  submitted  to  experiment  arc 
put,  is  composed  of  a  grating  oic  cage  of  iron  wire,  sup- 
ported by  several  iron  bars.  Its  opening  or  mouth  LM 
is  covered  by  the  lid  HG,  which  is  composed  of  the 
same  materials.  The  middle  cavity  bbbb\%  filled  with 
ice.  This  ice  is  supported  by  the.  grate  m  f»,  and  under 
the  grate  is  placed  a  sieve.  The  external  cavity  aaaa 
is  also  filled  with  ice.    We  hav6  remarked  already,  that 


fie  aXofic  ofB  U  -7^- — ^ ;  or^  when  die  water  Is  tiie  hotter  of  the 
'  BXa  — «•  _«^ 

bodlei  mixed,  the  specific  caloric  of  B  it  -„  ^ r-»    See  Black't  I«f. 

Surety  i.  506. 

*  To  form  an  adequate  notion  of  the  delicacy  of  Dr  Qfwford'i  cs> 

perimentB,  it  will  be  necetnry  to  peruie  his  own  account  of  the  precavt- 

pons  to  wBich  he  had  lecourse.     See  his  R*ptrimemU  on  Animal  Heat  amJ 

CtmbuitUn^  p.  96.    Seguin,  in  his  Essay  on  Heat,  Ann,  de  CB§m,  m,  14s. 

«iutt  done  litde  else  than  transhte  Crawford. 
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no  Cfiloric  can  pass  throagh  ice  at  32^.    It  can  eater  if  ^^ 
indeed,  but  it  remains  in  it,  and  is  emplojed  in 
it.     The  quantity  of  ice  melted,  then,  is  a  measuc 
the  caloric  which  has  entered  into  the  ice.    The  cxmIH^^ 
•ad  middle  cavities  being  filled  with  ice,  all  the  van 
is  allowed  to  dr;^in  awaj,  and  the  teoaperatare  of  h 
interior  cavity  to  come  down  to  32^.     Then  the  dk 
stance,  the  specific  caloric  of  which  is  to  be  ascertiin^ 
ia  heated  a  certain  number  of  degrees,  suppose  to  2lf| 
and  immediately  put  into  the  interior  cavity  indoiedii 
a  thin  vessel.     As  it  cools,  it  melts  the  ice  in  the  ivt 
die  cavity.     In  proportion  as  it  a^lts,  the  water  ran 
through  the  grate  and  sieve,  and  falls  through  the  coo* 
cal  funnel  ccd  and  the  tube  x  into  a  vessel  placed  k> 
low  to  receive  it.    The  external  cavity  is  filled  withice^ 
in  order  to  prevent  the  external  air  from  approacbioi 
the  ice  in  the  middle  cavity  and  melting  part  of  it.  Ha 
water  produced  from  it  is  carried  off  through  the  pipe 
ST.     The  external  air  ought  never   to  be  below  32^, 
nor  above  41^.     In  the  first  case,  the  ice  in  the  middle 
cavity  might  be  cooled  too  low  ;  in    the  last,  a  current 
of  air  passes  through  the  machine,  and  carries  off  some 
of  the  caloric.     By  putting  various  substances  at  the 
same  temperature  into  this  machine,  and  observing  how 
much  ice  each  of  them  melted  in  cooling  down  to  52^ 
it  was  easy  to  ascertain  the  specific  caloric  of  each. 
Thus  if  water,  in  cooling  from  212®  to  32®,  melted  one 
pound  of  ice,  and  spermaceti  oil  0*5  of  a  pound ;  the 
specific  caloric  of  water  was  one,  and  that  of  the  oil  0*5. 
This  appears  by  far  the  simplest  method  of  making  ex- 
periments on  this  subject,  and  must  also  be  the  most 
accurate,  provided  we  can  be  certain  that  all  the  melted 
snow  falls  into  the  receiver.     But  from  an  esperimeot 


t 
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Ufr  Wedge  wood,  one  would  be  apt  to  conclude  that     Chap,  u, 
Bft  does  not  happen.     He  found  that  the  melted  ice, 
jj^far  from  flowing  out,  actually yrosr  again,  and  choak« 
lljip  the  passage. 

...  Ji  Table  of  the  specific  caloric  of  various  bodies  was 
IkcwLse  drawn  up  by  Mr  Kirwan,  and  published  bj 
Bagellan  in  his  Treatise  on  Heat.  Mr  Meyer  has  late* 
Unpublished  a  set  of  experiments  on  the  specific  caloric 
ff  dried  woods ;  and  Mr  Leslie,  in  his  Essay  on  Hcal^ 
^|0  given  us  the  result  of  his  ezperimenu  on  various 
lodits.  The  experiments  of  Meyer  were  made  by  as- 
pt^ining  the  rate  of  cooling  of  the  sam^  hulks  of  di£* 
inreot  bodies.  From  this  he  deduced  their  conducting 
lower  for  heat }  and  he  considered  the  specific  caloric 
bft  the  reciprocal  of  the  product  of  the  conducting  pow- 
|r  uniltiplied  into  the  specific  gravity  of  the  body  *» 
)fr  Leslie  likewise  made  h»s  obfcrvations  by  aaoertaia* 
mg^the  time  that  varioua  bodies  of  equal  bulks  took  up 
>n  coolin?  in  the  same  circumstances.  He  then  multi- 
plied  the  proportional  numbers  thus  got  into  the  speoi- 
io  gravity  of  tlie  various  bodies  tried  f , 

Mr  Dalton  has  also  turned  his  attention  to  thisimporN 
Kilt  subject,  and  has  lately  published  a  table  of  the  spe-> 
cific  heats  of  difTerent  bodies.  His  method  was.  similar 
to4hat  employed  by  Leslie  ;  and  Mr  Dalton  iaforms  as 
diat  he  found  that  method  susceptible  of  ooosiderable 
precision. 


*  Let  L  be  the  conducting  power,  A  the  specific  caloric,  and  M  the 

^ecific  graifiiy     According  to  Illcycr  we  have  A  =^rT;»     Sec  Anm^tU 

Thim.  XXX.  46. 
f  S«e  Leslie  00  Uut,  pv«40. 
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•  The  foUowiog  TmUe  exhibits  a  Tiew  of  the  specie 
heals  of  varioas  bodie^  at  thej  have  been  obtained  Ij 
diffisrent  philosophers  {• 


TaUe  of  L  GasES.  8p.  Calocic. 


r^jdrogen  •  • 
Qj[jgen  •  .  • 
Common  air  • 
GartMmicacid 


21*4000* 
4-7490* 
1*7900* 
l»0i454* 
0-7930* 


IT.  Watsr. 

lee..  .•.  .   P'JnJ^^ 

L  -SOOCa) 

Water 1*0000 

Steam 1*5500* 

*  ••■ 

III.  Saline  Solutzov^. 


i*e5it 

0*95  (d; 

0-994t 

0-844t 

0'832t 
0-78  (D) 
0-8167t 

0'646t 


Carbooale  of  7 

ammooia     3 
Sulphuret  of 

amm.  (0*818) 
Sulphate  of 

magnesia    •  1 
Water    ...  2 
Common  salt  1 
Water    ...  8 
Ditto  (1*1 97) 
Nitre       l 
Water      8 
Nitre       l 
Water      3  ^ 
Carbonate  of      ?  ^  ^^  /tnnI 

pOUsh  (1-30)  5  ^•^H^)' 


Ifwialeof 

infiina  •  •  X 
Wafer    .  .  1-5 

Tartar    •   •  1 
Water  .  23TS 
Sulphate  of 

iron  •  •   1 
Water   .   2-5 
Sulphate  of 

soda     •   1 
Water*.  2-Q 
Alom     •  •  1 
Watcjr    .  .  2-0 
Ultnc  acid   94- 
Limc  ...  1 
Ditto  (1-40)  . 
Sobtioii  of  br. 

sugar 
Ditto  (l-I7)  . 

IV.  Acids  and  Alkalos. 

Vinegar     ....  o-02(D) 
pale    .   .   .  o-844t 
(1-20)      .   0-76(D) 

('•-"»")  era 

1*30  .   .   .   0-66(D) 


0*734 

0*72«f 

0*649t 

O*0189t 
0*62  (D) 
?  O-OStJt 
.   0-77(D) 


Nitric 
acid.* 


f  1-355)       0-576t 
Xl*3c)).    .   0-63(1)) 

Muriatic^  (^•^2^)^-680t 
^1-153      0-60(D) 


f  Instead  of  giving  the  average,  ai  in  the  fanner  edition  ef  thitworfc, 

it  hat  been  thought  more  uiefttl  to  intert  the  remit  at  obtained  bj  cm^ 
si^eriiiicnter. 
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Sulph. 


Sp.  Caloric. 
(1-885)     0*758t 


1-844         0-35(D) 
(1-87)       0-3345J: 
0-333  (a) 

Do.  4,  Water  5     0-663 it 
Do.  4,  do.  3    .   .   0-603lt 
Do.  equal  bulks    0*52(D) 
Aceucacid(l-056)0-66(D) 
PoUsh  (1-346)       0-759+ 
A  (0*^97)  C-0-708+ 

^'^'^'  (0-948)  i  1-03(D) 

V.  Inflammable  Liqj/ids. 

0-930  (a) 
0-6666* 
0-64  (L) 
0:602* 
(•817)  0-70(D) 
1-086+ 
•76(D) 

0-66(D) 

0-7J8+ 
0-50  (L) 
0-528+ 
0-5000* 
0-52(D) 
0-472+ 
0-400  (a^ 
0-399+ 
0.320  (a) 


Alcohol  < 


L(-848) 
Sulphuric  e-  7 
iher  (o-7G)  5 

Oil  of  olives  .  < 

Linseed  oil    .  •  . 

Spermaceti  oil 

Oil  of  turpent. 

Spermaceti  .'  • 
Ditto  fluid  .    . 


0-5000' 


VI.  Animal  Fluids. 


Arterial  blood 
Venous  blood 

Cows  milk  . 


.  1-0300* 
.  0-8928* 
C  0-9999* 
^0-98(D) 

♦ 

VII.  Animal  Solids. 
Ox-hide  with  hair  0-7870* 


Sp.  Caloric.       Chap  .11. 

Lungs  of  a  sheep  ,G-7690**  '  ■    i      * 
Lean  of  ox-beef     0-.7400* 

VIIL  Vegetable  Solids. 

Pinus  sylvestris  0*65l[ 
Pious  abies  .  .  .  .0-60^ 
Tilea  Europa^a  •  0*62^ 
Pinus j>icea  .  .  .  6-5 8  J 
Pjrus  malus  ;  ;  O'SItT 
Betula  alnus  .  .  0-53^ 
Quercus  robur  7       ■  ^  ■" 

scssilis  5    .^^^^'.: 

Fraxinus  excelsior  0*51^ 
Pyrus  communis    O'SO^f 

Rice 0*5060* 

Horse  beans    .    ,  0-5020* 
Dust  of  the  pine  7 

tree  3 

Peas 0-4920* 

Fagus  sjlvatica  .  0-49lf 
Carpitius  betulus  0*48^ 
Betula  alba  .    .  ..  0*43^ 

Wheat 0-4770* 

Elm 0"47l[ 

Quercus  robur.r  ^^  ^ 

pedunculata    3 
Prunus  domestica  0*44^ 
Diaspyrusebenum  0-43^ 

Barley 0-4210* 

Oats 0-41CJ0* 

i  0-2777* 
Charcoal.  .  .  .  0*2631* 
Cinders    ....  0'1923* 

IX.  Eartht  Bodies, 
Stoneware  and  Glass, 

Hydrate  of  lime     0-40(D) 
Chalk.    .    .   .   yo--'^(D) 

(^  0-2364* 
0-30(D) 
2229* 
168}: 


Quicklime 


ro-3 

.    .     <0-2 

(^0-2 
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P>ivMo0  IL  Ashes  of  piUcoal    0*  1 855* 
Ashes  of  elm  .  .    0-1402* 

0-195} 
0-193+ 
0*200(t) 
0*1929t 
0-lSl} 
0- 19(D) 
0-174+ 
0-19(D) 
0-133+ 
0-23(D) 


Agate  •    .    .    . 
Stoneware  .    , 
Crownglass     < 
Crystal    .    . 
Swedish  glass 

Flint  glass  •    . 


X.  Sulphur    . 
Muriate  of  soda 

XL  Metals. 


Platinum 


Iron 


Bras 


Copper 


0*1 3(a) 
fo- 143(a) 
I  0'13(D) 
<i  01 25+ 
I  0-1269* 
L0-126J 
0-1123* 
0-116} 
01 1(D) 


JU-llJl* 
(;-114# 
0.1  i(d: 


Sheet  iron 
ih\n  metal 
Nickel     . 

Zinc     .    . 

Silver  .    . 


i  111 


O-lOPQt 

.  o-jioojl 
.   ()-J0(D) 
r  o-oy  *H* 

^.  0-1  ()2§ 

CO- 1 0(D) 
^  o-oscj 

^0-08(b) 

f  0-0f)8t 
J  0-0704* 
1  0-07(D) 
[0-()60j 


Antimonjr 


Gold 


Lead 


Bismuth 


Mercury 


Sp.Ca]flric. 
0-0S6t 
0C645* 
0-063} 
0C6(D) 
0-050i 
0-05(D) 
0-050t 
0-0352* 
0-042| 
0-04(1)) 
0.043} 

m 

0-033t 
O-OS'iT* 
O-O290t 
O-0496(D) 


(0.0 
0-a 


(» 


XII.  OXIBES. 

Oxide  of  iron  .    .    O-320t 
Rust  of  iron    .    .    0*2500* 
Ditto  nearly  free  lQ.jggg, 

from  air  j 

White  oxide  of  7   0-220+ 
antim.  washed  5   0-22'i2* 


0-1666 


Do.  nearly  freed  1 

from  air  \ 

Oxide  of  copper,  7  (^.^gTS* 

do.  S      "     * 

Oxtdcofleadand^  q.^q-u. 

tin  5 

Oxide  of  zinc,  do.  0-1369* 
OxideoftintiearO  ^.Q^^* 

ly  freed  from  S  ^.^^^^ 

air  3 

Yellow  oxide  of?  O-O6S0* 

lead,  do.  5  O-oeSi- 


*  Crawford  ;  f  Klrwan  ;  \  LavoiMer  and  I.apltcc  ;  §  Wilckc  ;  ^  Mq'cr; 
^L;  Leslie;  ;i  Count  Runiford ;  (D)  Dalton,  AVw  Syjttm  r/  Cbtmicff 
'V.V/ijy/v,  p.  6 1,    ''a}  Irvine.  £/.»i'y'»p.  ?4  and  8?. 


SPECIFIC.  sal 

The  specific  h«ats  of  the  gases  contained  in  the  pre-  ^^V 
ceding  table,  were  determined  by  Dr  Crawford  with 
tnuch  iui^enuity  and  patient  industry  ;  yet  from  the  ex- 
treme difiiculty  of  the  subject,  there  is  little  reason  for 
believing  that  the  results  which  he  obtained  are  verj 
near  approximations  to  the  truth i;  If  any  confidence  caa 
be  put  in  the  hypothesis  of  Gay-Lussac^  we  are  certain 
that  some  of  the  numbers  of  Crawford  most  be  verjr  er- 
roneous* When  the  density  of  any  gas  is  soddenlj 
changed,  it  always  undergoes  a  corresponding  change 
of  temperature.  If  the  gas  becomes  rarer,  a  thermo-' 
meter  placed  in  it  sinks  ;  but  if  the  gas  becomes  den- 
ser^ or  if  it  rushes  into  a  vacuum,  the  thermometer 
rlies.  Now  Gay-Lussac^supposes,  that  in  these  casev 
(other  things  being  equal)  the  change  of  temperature 
VPiU  be  proportional  to  the  specific  heat  of  the  gas.  He 
procured  two  globular  glass  vessels  of  the  same  capa* 
city,  put  into  each  a  delicate  spirit  thermometer,  then 
exhausted  each  by  means  of  an  air-pump,  filled  one  of 
them  with  the  gas  to  be  examined,  and  after  waiting 
till  they  had  acquired  tlie  temperature  of  the  room,- 
opened  a.comniunication  between  them  by  means  of  a 
stopcock  and  tube,  so  contrived  that  the  aperture  could 
be  diminished  at  pleasure,  in  order  that  each  gas  might 
be  made  to  occupy'  the  same  time  in  passing  from  the 
one  vessel  to  the  other*  The  thermometer  in  the  full 
glass  vessel  immediately  subsided,  while  that  in  the  va- 
cuum rose;  and  in  Gay-Lussac's  expetiments  the  fall  of 
the  one  titer momeier  was  very  nearly  the  same  as  the 
rise  in  the  other.  The  g^reatcst  change  of  temperature^ 
was  produced  when  hydrogen  gas  was  employed;  com- 
xnon  air  produced  a  smaller  change  than  hydrogen,  oxy- 
gen gas  a  smaller  change  than  common  air,  and  carba« 
FoL  I.  N  n 
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Boole  !• 


iric  acid  a  smaller  than  oxjgen  gas.  From  these  expe- 
riments Gay-Lussac  considers  it  as  probable,' that  tk 
greater  the  specific  gravitj  of  a  gas,  the  less  is  its  ^ 
dfic  heat  *.  Mr  Dalton-  has  lately  turned  his  attamoB 
to  the  specific  heats  of  gaseous  bodies,  and  hu  csl» 
latedy  from  data  famished  bj  a  theory  of  his,  to  be  ei- 
plained  in  a  subsequent  part  of  this  work,  that  tbe^ 
oific  heats  of  the  diflferent  gases  ought  to  be  as  ia  the 
following  Table,  supposing  as  usual  the  spedfichcstrf 
water  r:  1  +. 


Ouetk  Sp.  Ciloric. 

Hydrogen  gas 9*382 

Azotic ^ 1*860 

Oxygen •h».1*333 

Air •^...1*750 

Nitrous  gas 0*777 

Nitrous  oxide •••0*549 

Carbonic  acid, .••••••0*491 

Ammonia 1.555 

Carbureted  hydro.    1*33S 


Olefiant  gas •••••1*355 

Nitric  acid •.0*491 

Carbonic  oxide 0*771 

Sulphureted  hydro.  0*583 

Muriatic  acid. 0*424 

Aqueous  vapour  •••.1*166 

Ether  vapour •• 0*84S 

Alcohol  vapour  .•^••0*58& 


(General  rc- 

Hlltfi. 


If  any  confidence  can  be  put  in  the  accuracy  of  this 
table,  it  is  clear  that  the  hypothesis  of  Gay-Lussac  b 
without  foundation.  Indeed,  a  few  simple  considert- 
tions  on  the  phenomena  of  combustion,  are  sufHcient  to 
show  us  that  the  specific  heat  of  gaseous  bodies  canod 
be  inversely  as  their  specific  gravity. 

The  following  are  the  most  important  points  respect- 
ing the  specific  caloric  of  bodies  hitherto  investigated. 

1.  Dr  Crawford  made  a  great  many-  experiments  re* 


*  Mem.d''Arcueilt\.  l8o. 

•  Seiv  System  of  Cbemhal  Pblhiopby^  p.  -4. 


■live  to  the  specific  caloric  of  bodies  at  different  teai- 
;s,  and  ihe  result  of  them  was,  that  it  is  nearly 
^rmanent  in  the  same  body,  white  that  body  remains 
)me  slate.  His  reasoning  is  founded  upon  two 
npposttions,  neither  of  which  have  been  sufficiently 
^oved  :  1,  That  the  mercurial  iliermomeler  is  an  ac- 
:  measure  of  beat  ;  2.  That  heat  does  not  unite 
Acmically  to  bodies.  With  these  data  he  shows,  that 
ilie  caloric  of  water  does  not  vary  at  different 
lures.  And,  finally,  by  mixing  bodies  at  various 
temperatures  with  water,  be  established  the  permanen- 
f  of  their  specific  calorics*.  As  this  reasoning  is 
lUnded  on  inadmissible  suppositions,  it  is  not  quite  Ic- 
|jtimate.  Mr  Dalton  has  larely  endeavoured  to  show 
Aiat  ihe  specific  heat  of  all  bodies  increases  with  theic 
mperature  ;  and  his  reasoning,  though  not  quite  cob> 
tusive,  is  at  least  very  plausible  and  probable. 

3.  Whenever  a  body  changes  its  state,  itsspeciiic  cb- 
mric  changes  at  the  same  lime,  according  to  the  follow* 
.  When  a  solid  becomes  a  liquid,  or  a  liquid 
an  elastic  fluid,  the  specific  caloric  incrtmet  ;  when  ui 
clastic  fluid  becomes  a  liquid,  or  a  liquid  a  solid,  the 
Bpecific  caloric  diminishes.  This  very  important  disco> 
Terj  was  made  by  Dr  Irvine,  and  applied  by  him,  with  ] 
much  sagacity,  to  the  explanation  of  a  great  variety  of 
curious  and  important  phenomena. 

3.  The  specific  caloric  of  bodies  is  increased  by  com- 
bitting  them  with  oxygen.  Thus  the  specific  caloria 
of  metallic  oxides  is  greater  than  that  of  metals,  and  of 
adds  than  of  their  bases.     This  fact  was  discovered  bj 


•  Crsnford  «  V—t,  p.  jj. 
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'•     Dr  Grawfbrdy  and  constitntad    the  fonodstiott  of  )k 
theory  of  animal  heat. 

4.  The  specific  caloric  ijioMfffwa  is  diminithediriMi 
it  enters  into  combinatiim  with    infLunmaUe  bndiSi 
This  was  also  established  bjr  'Or  Crawferd^  thongh  m 
n  a  manner  quite  so  satiaCMtoiy. 


II.     Of  the  Absolute  Quavtitt  or  Heat  nr 

Bodies. 

Thus  vre  see  that  the  relative  qoentity  of  caloric  ii 
▼ery  different  in  different  bodies,  even  when  theyaresf 
the  same  temperatnre  bj  the  teat  of  the  thcsinoflK«> 
It  is  obvious,  therefore,  thit  the  thermometer  is  aot 
capable  of  indicating  the  quantity  of  caloriix  contaiocd 
in  bodies :  since,  not  ta  mention  the  apecific  calofic,  Ae 
presence  of  the  caloric  which  occasions  flaidity  is  dot 
indicated  by  it  at  aD.  Thus  steam  at  212^  eontsios 
1000°  more  caloric  than  water  at  212^,  yet  the  tempe- 
rature of  each  is  the  san^e.  Is  there  then  any  method 
of  ascortaininor  the  absohite  quantity'  of  caloric  which* 
body  contains  ?  At  what  decree  would  a  theFmometcr 
stand  (^-npp'^^^injr  the  thermometer  capable  of  measario; 
so  low),  wirrc  the  body  to  whfch  it  is  applied  totallj 
dtpriv»:<l  of  caloric  ?  or,  What  degree  of  the  thermooe- 
ttr  cf  rrc'pi^nds  to  the  real  zero  ? 

Ti;o  first  person,  at  least  since  men  be^n  to  thial^ 
acciirarily  on  the  subject,  who  conceived  the  possihililT 
of  detci  niihinj;;  this  questpon,  was  Dr  Irvine  of  Gl«»- 
goiv.  fic  invented  a  theorem,  in  order  to  ascertain  tbe 
re:*!  aco,  wlilcli  has,  I  know  not  for  w^hat  reason,  bcca 
^scilb-  '    i^ .   s'v.vnal  writers  to  Mr  Kirwan. 

1    Ii  is  obvious^  that  if  the  specific  caloric  of  bo- 
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dies  continues  the  same  at  all  temperatures,  the  abso*  n>so.  u.  ^ 
luce  quantity  of  caloric  in  bodies  must  be  proportional  Hypocbetii 
to  :he  specific  caloric.  Thus  if  the  specific  caloric  of  ^-^  ^ 
speimaceti  oil  be  only  half  of  that  of  water,  water  must 
contain  twice  as  much  caloric  as  spermaceti  oil  of  the 
same  temperature.  Let  us  suppose  both  bodies  to  be 
totally  deprived  of  caloric,  and  that  We  apply  to  them  a 
thermometer,  the  xero  point  of  which  indicates  absolute 
cold  or  a  total  deprivation  of  heat.  To  raise  the  oil 
and  water  one  degree,  we  must  throw  in  a  certain 
^quantity  of  heat,  and  twice  as  much  heat  will  be  ne* 
cessary  to  produce  the  effect  upon  the  water  as  on  the 
oil*  To  produce  a  temperature  of  two  degrees,  the 
same  rule  must  be  observed ;  and  so  on  for  three, 
four,  and  any  number  of  degrees*  Thus  at  all  tempe* 
ratures  the  water  would  contain  twice  as  much  caloric 
as  the  oiL 

2'  This  supposition,  that  the  specific  calorie  of  bodies 
continues  the  same  at  all  temperatures,  was  the  founda« 
tioa  of  Dr  Irvine^s  reasonings  He  had  ascertained, 
that  when  a  body  changes  from  a  solid  to  a  liquid, 
its  specific  caloric  at  the  same  time  increases;  and 
that  the  same  increase  is  observable  when  a  liquid 
IS  converted  into  an  elastic  fluid*  The  constancy  of  the 
specific  caloric  of  bodies,  on  which  he  founded  his  the- 
ory, was  true  only  while  they  remained  in  the  same 
state.  He  supposed  likewise,  that  when  a  solid  body 
is  converted  into  a  liquid,  the  caloric  absorbed  without 
aoy  increase  of  temperature,  or  the  latent  heat,  is  merely 
the  consequence  of  the  increase  of  the  specific  caloric  of 
the  body.  Thus  when  ice  is  converted  into  water,  140° 
of  caloric  are  absorbed,  because  the  specific  caloric  of 
water  is  so  much  greater  than  that  of  ice,  as  to  require 
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140^  additional  of  caloric  to  pieacrve  tbe  aame  tcofn 
ratuie-which  it  had  when  its  apccific  caloric  wn  km. 
The  same  snppotitioo  acoomiled  for  the  abaorpMail 
caloric  when  liqoida  urn  coaycflcd  into  daatic  flnidk 

3.  Dt  Irvine's  theocy  of  die  abaolttto  caloric  of  b- 

dies  depended  upon  thete  two  jDpinioos^  which  he  €«> 

sidered  as  first  principles.   The  lir^  gave  Mas  tbe  nM 

qC  the  abiolute  calorics  of  bodies  }  the  aecondt  tbedit 

farence  between^  twQ  absohito  cakeica.     Having  das 

data,  it  was  easy  to  calcnlaie  tbo  abaolute  qnaatitj  d 

calorie  in  anj  body  whatever.      Thna  let  na  mifMi 

that  the  specific  caloric  of  water  b  to  that  of  ice ailS 

to  9»  and  that  when  ice  is  oooverted  ioto  water  the  qsw* 

tity  of  caloric  absorbed  is  140^.     Let  na  call  the  sh»- 

late  quantity  ^  caloric  in  ice  at  32^  «,  it  is  obvioaslkit 

the  abiolote  caloric  in  water  at  33^  is  sr  «  -f-  140^  Wc 

have  then  the  absolute  calorib  of  ice  rr  x,  that  of  mtti 

::=»  -|*  ^^0-    But  these  qtsaatitiea  are  to  each  othcru 

10  to  9.      Therefore  we  have  this  proportion  10  ;  0 :: 

x-^-lW:  X.     By  multiplying  the  extremes  and  mcas 

we  get  this  equation  10  jp=  9  x  -{-  1260,  froos  which 

we  deduce  x  =:  1 260.  '   Thus  we   obtain  the  absolole 

quantity  of  caloric  in  ice  of  32^,  and  find  it  to  amooBl 

to  1260.  Water  at  32^  of  course  contains  1400  degrees 

of  caloric.     Or,  to  state  the  proposition  differently ;  n 

the  specific  caloric  of  water  is  to  that  of  ice  as  10  to  9^ 

it  is  obvious  that  the  140  degrees  of  heat  which  sfe 

evolved  when  water  is  firoaen  are  equal  to  V^th  of  tbe 

whole  heat  in  the  water.      Therefore  tbe  heat  of  the 

water  is  equal  to  140  X  10,  or  1400. 

Such  was  the  ingenious  method  proposed  by  Dr  Ir- 
vine for  ascertaining  the  real  aero,  or  the  degree  it 
which  a  thermometer  would  stand  when  plunged  intss 


tody  altogether  destitute  of  caloric.  Wc  see,  ihat  by 
tbe  above  calculation  it  would  be  with  regard  to  ice 
1260  degrees  below  32*"  of  Fahrcnheils  scale,  or  1298 
degrees  below  fl.  Dr  Crawford,  however,  who  made 
his  ejiperimeats  upon  a  different  set  of  bodies,  places 
the  real  icro  at  1500*'  below  0  of  Fahrenheit.  Mr 
Dalton,  wlio  has  also  turned  his  attention  to  the  same 
i]uestion,  has  found  the  mean  of  his  experiments  to  give 
■dOOO"  below  the  freezing  point  as  the  real  zero  '. 

4.  Unfortunately  the  truth  of  the  principles  on  which 
lh!s  theory  of  Dr  Irvine  is  founded  is  by  do  means 
established.  The  lirst  proposition,  that  the  specifio  ca- 
loric of  bodies  coBliniies  the  same  at  all  tempera- 
tures, has  by  no  means  been  ascertained  by  experi* 
mcnts;  s9  far  from  it,  that  the  very  contrary  has 
been  proved  by  Dr  Irvine  himself  to  hold  in  the  case 
-of  spennaceti  and  wax,  and  has  been  observed  by  Craw- 
ford in  other  cases  f .  But  even  if  it  did  hold  at  all  tem- 
peratures while  bodies  continue  in  the  same  state,  still 
as  every  change  of  stale  is  confessedly  attended  with 
a  corresponding  change  of  specific  caloric,  we  have  do 
right  to  aiHrm  that  the  specific  caloric  is  proportional  to 
the  absolute  caloric.  For  instance,  though  the  speci. 
-fie  caloric  of  ice  be  to  that  of  water  as  9  to  10,  it  does 
•Dot  follow  that  their  absolute  calorics  hear  the  same  pro- 
portion .  nor  can  any  reason  be  assigned  for  supposing 
that  this  ratio  ought  to  hold,  unless  we  suppose  that  ca- 
loric is  incapable  of  uniting  chemically  to  bodies  j  in 
vbich  case  indeed  it  might  be  admiited. 

5>  The  second  proposition,  namely,  tluil  the  caloric 
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BookJ*      absorbed  by  a  bodyi  4urmg  its  change  of  stztt,  is  mcsi» 
^LJiy^l-J    ly  owing  to  the  change  of  the  specific  caloric  of  thebft. 
jAjf  is  equally  unsupported  by  direct  proof,  and  indeed 
cannot  be  admitted,  if  wc  allow  that  caloric  is  capaluc 
of  combining  cheoiicallj  with  bodies.     It  assigns  do 
reaso:  for  tiie  change  of  state  which  the  bodj  has  bs- 
der^one,  uiiile  the  theory  of  Dr  Black  accounts  for  the 
.change.     The  040  degreeb  of  heat    which   disappear 
when  water  becomes  steam,  according  to  Dr  IrriaeiSrc 
merely  the  consequence  ot  the  increased  specific  caloric 
jof  steam  above  that  of  wat^r.    But  why  does  water  be- 
come stcant,  aiul  why  does  it  sliow  a  tendeiicy  to  absorb 
heat  before  it  has  actually  become   steam  »  a  ttodescj 
causing  it  to  cKcrt  a  force  which  at  last  overcomes  tlif 
most  powerful  obstacles  ?   If  the   change  be  producd 
by  the  combination  of  heat,  as  all  the  phenomena  an- 
IMPunce,  then  the  hypothesis  of  Irvine  is  inadmissible. 
Accordingly,  both  Irvine  and  Crawford  Uid  it  down  as 
an  axiom,   that    heat  is  incapable   of  combiniRg  i^ith 
bodice. 

C).  A'  other  stt  of  J  henomcna  froni  which  Dr  Irvine 
drew  Ji'"*  coiKiiibions,  is  moie  susctpTiblc  of  invtsti^a- 
lioi  •  Wiien  bodies  u.irc  together  ciieniic;iilv,  a  chaige 
of  tcm];c'atiire  is  ainior^i  c<  nbtantly  prociuccd  ;  the  crm- 
pouiul  cjilicr  ^Mvirt;  out  heat  or  abborbiiig  it,  Dr  Ir- 
v'u  e  ascertaiiud,  by  a  variety  of  ex|>erinienis,  tli&t  the 
combii  a  ion  is  attended  with  a  sinular  chanire  i.  r!)e 
specillc  lient  of  the  compound*.  When  ihc  specific ra- 
ioric  iiicT' r;».i  s,  ilu  con.pcmnd  ptr»tTatfs  cold  j  wbea 
the  spctiiic  calrric  diminishes,  heat  is  evolved. 
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He  inferred,  in  consequence  of  his  opinion  formerlj  Qup.  P, 
explained^  that  the  heat  evolved  or  absorbed  in  these 
cases  was  proportional  to  the  change  of  specific  caloric^ 
and  the  consequence  of  that  change.  Hence  it  was  easy, 
knowing  the  specific  caloric  of  two  bodies  before  coia» 
bination,  the  specific  caloric  of  the  compound,  and  the 
heat  evolved  or  absorbed,  to  ascertain  upon  that  hjpo* 
thesis  the  absolute  heat  of  the  body.  For  example,  let  the 
specific  caloric  of  two  bodies  ^before  combination  be 
:=  2,  and  after  it  =  1,  it  is  obvious,  that  during  com* 
bination  they  must  have  parted  with  half  of  their  absoluiSe 
heat.  Let  the  heat  evolved  be  700  i  then  we  know  that 
the  whole  heat  contained  in  the  bodies  is  twice  700»  or 
1400.  Suppose  equal  weights  of  the  two  bodies  A,  B 
to  be  combined  together.  Let  the  specific  caloric  of  A 
be  C,  and  that  of  B,  c  ;  and  let  the  specific  caloric  after 

combination  be  K-f-i,  then,  according  to  Dr  Irvine, 

we   have  C  -f-r  —  K  +  i  :  K  +  i  :  :  /=  the   heat 
evolved  :  S  =  absolute  heat.      Hence  we  have   S  == 

j^       J — rr.     If  the  weights  of  the  bodies  com- 


bined  be  not  equal,  then  let  Q^be  the  weight  of  A,  and 
q  that  of  B ;  we  have  as  before,  C  Qj+f  q  —  K  J^-f-  iq 

•KQ>I7::/:S.    Hence  S  =  ^  q^.^^ cq-lL^-kq 

This  hypothesis  can  be  true  only  on  the '  supposition 
that  the  quantity  S,  found  by  mixing  substances  toge* 
ther  in  different  proportions,  turns  out  always  the  same 
quantity.  If  it  does  not,  the  opinion  falls  to  the  ground. 
Thus  if  we  mix  together  various,  proportions  of  water 
and  concentrated  sulphuric  acid,  the  heat  evolved  at 
each  trial,  compared  with  the  change  of  the  specific  ca- 
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Book  1.  lorxc,  ougbt  to  give  us  the  same  value  of  S.  Bat  froni 
""  J  the  experiments  that  have  been  made  upon  this  subject; 
it  does  not  appear  that  any  snch  constant  value  of  Sis 
observed.  The  experiments  indeed  of  Gadolia  sf^ 
proach  somewhat  to  it,  but  those  of  Lavoisier  and  Ls- 
place  are  very  anomalous,  as  will  appear  from  the  fol- 
lowing statement. 

From  the  experiments  of  Lavoisier  and  Laplace  oa 
a  mixture  of  water  and  quicklime,  in  the  proportioB 
of  9  to  16,  it  follows  that  the  real  Eero  is  3428^  be- 
low 0. 

From  their  experiments  on  a  mixture  of  four  parts 
of  sulphuric  acid  and  three  parts  of  water,  it  follows 
that  the  real  zero  is  7562**  below  O. 

Their  experiments  on  a  mixture  of  four  parts  of  sul- 
phuric acid  and  five  ef  water  place  it  at  2598^  below  0. 

Their  experiments  on  9y  parts  of  nitric  acid  and  one  of 

1880 

lime  place  it  at — below  32*^,  =-f- 23837**. 

—  0-01783 

The  mean  result  of  Gadolin^s  experiments  on  mii- 
tures  of  sulphuric  acid  and  water,  place  it  at  2300^  be- 
low 0. 

Mr  Dalton's  results  vary  from  4150^  to  l  J00°  j  the 
mean  of  the  whole  places  the  real  zero  at  61 5o!^  below 

32«t- 

Dr  Irvine's  own  experiments  led  him  to  fix  the  real 
zero  at  900^  below  0. 

Dr  Crawford^  from  his  experiments, placed  it  at  ISOO* 
below  0. 

These  results  differ  from  one  another  so  enormously, 
and  the  last  of  those  obtained  by  Lavoisier  and  Laplace, 
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which  places  (he  real  zero  far  above  a  red  heat,  is  so  ab-     Chip.  tf. 
surd,  that  if  we  suppose  them  accurate,  they  are  alone  ' 

sufficient  lo  convince  us  thai  the  daia  oh  which  they 
are  founded  arc  not  true.  Nor  can  the  hypothesis  be 
maintained  till  the  anomalies  which  they  exhibit  be  ac< 
counted  for. 

1.  Another  method  of  determining  the  absolute  qiian-  MrDalton't 
lity  of  caloric  in  bodies  has  been  lately  proposed  by  •il'P"^^*- 
Mr  Dalion  *,  a  philosopher  whose  ingenuity  and  saga- 
city leave  him  inferior  to  none  that  have  bilherlo  turn- 
ed tlieir  attention  to  ihis  difficult  subject.  He  supposes 
that  ihc  repulsion  which  exists  between  the  particles 
of  elastic  fluids  is  occasioned  by  the  caloric  with  which 
these  panicles  are  combined,  and  that  it  is  always  pro- 
portional to  the  absolute  quantity  of  caloric  so  combi- 
ned. Now  the  diameter  of  the  sphere  over  which  the 
influence  of  a  particle  extends,  is  the  measure  of  the 
repulsion,  and  it  is  proportional  to  the  cube  root  of  the 
whole  mass.  The  repulsion  exerted  by-  the  particles  of 
an  clastic  fluid,  at  different  temperatures,  is  proportion- 
al to  the  cube  root  of  the  bulk  of  the  fluid  in  these 
temperatures.  Therefore,  according  to  this  hypoihesist 
the  absolute  quantity  of  caloric  in  elastic  fluids,  at  dif- 
ferent temperatures,  is  proportional  to  the  cube  roots 
of  these  bulks  at  these  temperatures.  To  give  an  ex- 
ample ;  The  bulk  of  air  at  55°  being  1000,  its  bulk  at 
212"  is  1325  i  therefore  (he  absolute  heat  in  air  at  55" 
is  to  its  heat  at  212°  as  VlOOO  lo  Vl32S,  or  nearly 
as  10  to  11.  Let  us  call  the  absolute  heat  of  air  II 
55"  X  ;  then  the  absolute  heat  of  air  at  212°  is  «  -J- 
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iSI-  This gf?«t  Bt  Ite Iblloiriof  praportioo i  10:  ll 
>.hm  I  m  +  15T.  Hnm  U  a :k  le  « «{-  ISIO^  ni  «= 
1AT9.  Tbas  we  obim  itio  Sot  tbc  sbMlute  liotii 
«ir  fH  i55^«  Sabcndsag  ibcte  55  4cgr«c%  m  fane 
IftXS^  beUm  0  for  th0  poialoC  ffiMl  xtro  *• 

Such  U  the  hypothesis  of  Mr  Dalton  ^  and  the  icadl 
wMA  bo  obtsioed  corresponds  pnUy  neorlf  with  Br 
Cjch^fbsd's  deductions  iirom  some  of  his  cxperimnli; 
Bnl<if  k  be  spi^ied  to  other  Icwprrotoresj  no  snch  o- 
netooiocidenoe  wHl  beiobsBrrod^  as  hen  boen  Teij  wdl 
Jwnn  by  an  aoott  jmous.  writer  in  Nicholenn's  Jm^ 
nef  t*  It  appears  frens  Ibe  enampks  tbeve  prodnceit 
Iknt  tbe  higher  the  lebiperatnffo.al  which  the  oonpni* 
son.fSBiade^  tbe  lower  is  the  peiatohfaiiwtHipr  tbe  cbbh 
sMMBMOt'Of  the  tosle  of  beali.  .  Bat  Mr  DaUsn  bsi 
rMdoesd  it  probabkiitbnfe  this  b  owing  ta<  tho  tfaenns- 
nseietnot  being  nn.aeeuiite  measnre  of  tbo  seek  of 
ISflipffrntBre  t  i  for  wbdn.tbo  temperature  ia  eorrmri 
by  Dehic's  expertmenti^  the  anomaly  in  cne  of  the  in- 
staoces  dtsappeart. 

This  hypothesis  of  Mr  DsltOQ  is  founded  on  a  sop- 
IIOsitioQ  which,  though  it  cannot  be  demonstrated,  is  oe^ 
Tertheless  exceedingly  probable  to  a  certain  extent :  tot 
if  elastic  fluids  owe  their  pecuJisr  fluidity  to  heat,  tnd 
if  their  increase  of  elasticity  be  proportional  to  their  ia* 
crease  of  heat,  I  do  not  see  how  it  can  be  denied  thst 
the  repulsion  between  the  particles  of  these  bodies  is 
proportional  to  the  caloric  combined  with  them  ;  not^ 
Jlpwever^  to  the  whole  of  their  caloric,  but  to  that  por* 
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tion  of  it  only  which  ocMsiont  their  elasticity,  and 
which  increases  their  elasticity.  It  is  at  present  believed 
that  the  abstraction  of  heat  is  capable  of  converting 
elastic  fluids  into  liquids,  and  even  into  solids*  Mr  Dal* 
ton  himself  is  a  supporter  of  this  opinion,  which,  in  the 
present  state  of  our  knowledge,  scarcely  admits  of  dia* 
pute.  But  the  particles  of  liquids  and  solids  do  notTO^ 
pel  one  another,  but  possess  a  contrary  property  $  thagr 
attract  one  another ;  yet  they  ail  confessedly  cootaia 
a  great  deal  of  heat.  Were  we-  ihew  to  convert  elastic 
iUudt  into  liquids,  by  abstracting  heal  from  them,  we 
would  deprive  their  particles  of  the  rcpdliivo  fbree 
which  they  exert,  and  yet  leave  a  consideraUe  qoant^ 
of  csQoric  in  them.  It  is  not  the  whole  of  the  calocic^ 
then,  which  is  combined  with  the  partidea  of  elastie 
fluids,  that  occasions  their  repulsion,  but  only  a  part  of 
it*  Now  surely  it  will  not  be  said,  that  the  repoHBive 
force  of  the  particles  of  elastic  fluids  is  propoitional  le 
that  caloric  which  has  no  eftect  is  producsag  the  repok 
sion,  and  which  would  remain  in  combination,  thoegih 
that  repulsion  were  annihilated^  It  oan'only  be  pre* 
portional  to  that  portion  of  the  caloric  which  occasioflll 
repulsion.  Mr  Dalton's  hypothesis,  then,  only  en^ 
ables  us  to  find  out  the  quantity  of  caloric  which  occa- 
sions the  elastic  fluidity  of  the  bodies  in  question,  and 
by  no  means  the  whole  of  the  caloric  which  they  con- 
tain, unless  they  were  supposed  to  continue  in  the  state 
of  elastic  fluids  till  deprii-ed  of  all  the  heat  which  tley 
contain  except  the  last  particle  :  which  is  a  suppositiiBft 
that  cannot  be  made..  It  does  not  even  give  us  anjr 
precise  notion  of  the  caloric  of  elastic  fluidity,  unlcfla 
we  ascertain  the  specific  caloric  of  the  body  in  question  | 
and  .after  we  have  done  so>  reduce  the  degrees  of  calis» 


OjrAiiwcr  or  cjuuomw^s 


ivDof  fluiditj. to  k  known  ^Birti  i,l»  no  to '  Ae  nunAerof 
ttumea  whidi  tfaejr  would  tmue  the  tempentve  cf 
j^jmtnr,  loppotiog  h.  nol4o  <lMW|tc  im  «afte.  TUs»- 
4t»d it^biolniwly  miiMMirjp.in.nU  ouei  .when  we nk 
to^ytk  deftuilJj .  oi  die-  twJnofo;  Forns  moithai 
mimitnaMTj  to  rate  ooebodjr  m  cortnin  nnmber  of-d^ 
fBBH'thm  to  prodoct  tha  wnne bhange  oa  onodter^iif* 
^|«dt  we  were  to  dopnm  dMM  Ixidm  altogoclier  of  ki^ 
flbdtdien  to  niie  Item  both  to-  o  odnnni  tonpentwc^ 
diosttiuiiber  oCtdegivoi  of  beet  added  to.  both  weeli 
te  afud ;  Tct  tbe  abtefaito  qoinlitj  of  heat  adkd  O 
4RNh  wovU  be  yeiy  UBeqoal.  The  term  real  xero  oi 
-feme  no  neaning  wfaalBTcry  aa fitr  aa  it  alludes  fade 
jqHDtitj  of  heat  ib' bodies  uoleis  wo  alwvjs  refcr  to 
pfuticolar'' bodT-,  aa  water,  ond  make  it  ov 


9v  iTboa  it  appears  that  aeoe  of  the  mothoda  UtfacilD 
ftrdpoMd  are  sofficient  to  enabk  as  to  dtacoTcr  the  qa»* 
iitj  of  best  in  bodies*  At  the  same  time,  I  have  ooi 
<he  smallest  doubt,  from  the  known  sagacity  and  preci- 
tton  of'Mr  Dalton,  that  much  curtous  and  important 
Infermstion  will  result  from  his  farther  prosecution  of 
the  subject. 


III.    Of  Cold. 

~  Having  pointed  out  the  methods  of  ascertaining  the 
relative  quantity  of  heat  in  bodies  of  the  same  tempe* 
tatnrey  and  explained  the  various  hypotheses  respect* 
ing  their  absolute  heats,  it  remains  for  us  only  to  make 
a  few  observations  on  the  abstraction  of  heat  from  bo* 
dies,  or  on  what  in  common  language  ia  called  taU, 


COLSI. 

When  caloric  combines  with  our  own  bodies^  or  sepa 
rates  from  them,  we  experience,  io  the  first  case,  the  fWaituMi^ 
sensation  of  beat ;  in  the  second,  of  cold*  When  I  put  c^ez-^ 
my  hand  upon  a  hot  iron,  part  of  the  caloric  leaves  the  p^^<i* 
iron,  and  enters  mjr  hand  ;  this  produces  the  sensatioo 
of  heat.  On  the  contrary,  when  I  put  mj  hand  upoa 
a  lump  of  ice,  the  caloric  rapidlj  leaves  mj  haf>d,-aiid 
combines  with  the  ice  ;  this  produces  the  sensation  of 
cold.  The  sensation  of  heat  is  occasioned  by  caloric 
passing  into  oor  bodies.  The  sensation  of  cold  by  calorio  . 
passing  out  of  our  bodies.  We  say  th^t  a  body  ii 
hot  when  it  communicates  calorie  to  the  surroundings 
bodies ;  we  call  it  cold  when  it  absorbs  caloric  from 
other  bodies.  The  strength  of  the  sensations  of  heat 
and  cold  depends  upon  the  rapidity  with  which  the  ca- 
loric enters  or  leaves  our  bodies ;  and  this  rapidity  is 
proportional  to  the  difference  of  the  temperature  be- 
tween our  bodies  and  the  hot  or  cold  jsubstance,  and  to 
the  conducting  power  of  that  slibstance.  The  highes 
the  temperature  of  a  body  is,  the  stronger  a  sensation 
of  heat  does  it  communicate ;  and  the  lower  the  tempe- 
rature, the  stronger  a  sensation  of  cold :  and  when  the 
temperature  is  the  same,  the  sensations  depend  upoa  the 
conducting  power  of  the  substance* 

Thus  what  in  common  language  is  called  coldy  is  no- 
thing else  than  the  absence  of  the  usual  quantity  of  ca- 
loric. When  we  say  that  a  substance  is  coUp  we  mean, 
merely  that  it  contains  less  caloric  than  usual,  or  that  its. 
temperature  is  lower  than  that  of  our  bodies. 

There  have  been  philosophers,  however,  who  main-  Coldavrn.- 
tained  that  cold  is  produced,  not  by  the  abstraction  of  goriSc  mt- 
caloric  merely,  but  the  addition  of  a  positive  some-  "^^^^ 
things  of  a  peculiar  body  endowed  with  specific  quali* 


t  QSf AVrirX  OP  CALORIC. 

Bookl'  '  ties.     This  was  mainuined  by  MuschcTibroeck  and  De 
"  Mairan,  and  seems  to  have  been  the  general  oDininn  of 

A    philosophers  about  the  contmeQcement  of  the  isth  cco- 
tiirj.     According  to  them^  cold  is  m  substance  of  a  sa* 
line  nature,  very  much  resembling   nitre,  constaodf 
floating  in  the  air,  and  wafted  about  by  the  wind  b 
very  minute  corpuscles^  to  which  thej  gave  the  naiae 
of  Jrigorijtc  particles* 
Mw*d£**"       They  were  induced  to  adopt  this  hypothesis,  because 
Vt^f^*        they  could  not  otherwise  account  for  the  freezing  of  wa- 
ter.    According  to  tliem,  these  frigorific  particles  iasi* 
Auate  themselves  like  wedges  between  the  molecules  of 
water,  destroy  their  mobility,  and  thus  convert  water 
into  ice.      Dr  Black,  by  discovering  the  cause  of  the 
freezing  of  water,  banished  the  frigorific  particles  from 
the  regions  of  philosophy ;  because  the  advocates  for 

1 

them  never  brought  any  other  proof  for  their  existence 
than  the  convenience  with  which  they  accounted  for 
certain  appearances.  Of  course,  as  soon  as  these  ap- 
pearances were  explained  without  their  use,  every  rea- 
son for  supposing  their  existence  was  destroyed. 

The  only  fact  which  gives  any  conntenance  to  the 
opinion  that  cold  is  a  body,  has  been  furnished  by  the 
following  very  curious  experiment  of  Mr  Pictet  '^.   Two 


*  'liiis  cTpcrinicn",  or  a'  Ica^t  a  similar  one,  was  made  long  a^, ani! 
is  found  iu  the  Essays  »if  the  Academy  del  Cimento,  translated  by  "Walkf 
in  1684,  p.  103.  The  ninth  experiment,  of  reflected  cold,  is  thni  rcb- 
ted  :  *'  V.'c  were  wilijig  to  try,  if  a  concave  glass,  set  before  a  nia&iOi 
50*0  Ib.s  iif  ice,  nuilw-  lii.y  sensible  repercussion  of  cold  upon  a  very  nic: 
rhcnridnuttr  of  400  d. greis  pK.ccd  In  its  focus.  The  truth  is,  it  imni:- 
diately  bcj^an  to  suhsidi  ;  but,  by  reas-  n  of  the  nearness  of  tLc  ice,  i: 
was  doubtful  whef  her  the  dir.xt  or  reflected  rays  of  cold  were  more  effi- 
o«r.'ou4 ;  1.1  on  this  account,  wc  thought  of  covcripg-thc  glass,  affd  'whai- 


w 
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•oncB^e  ttn  mirroTs  being  placed  at  the  distance  of  iO{-  .^*^P-"-. 
feet  from  each  other,  a  very  delicate  air  thermomeier  Appirent 
was  put  into  one  of  the  foci,  and  a  glass  matrass  full  of  J^co^j^"" 
snow  into  the  other.  The  theroiometer  sunk  several 
degrees,  and  rose  again  when  the  matrass  was  removedt 
When  nitric  acid  was  poured  upon  the  snoi^'  ^wtilcli 
increases  the  cold),  the  thermometer  sunk  5"  or  6* 
lower.  Here  cold  seems  to  have  been  emitttd  by  the 
snow,  and  reflected  bj  the  mirrors  lo  ihe  iliermo meter, 
which  could  not  happen  unless  cold  weie  a  substance. 
The  experiment  is  certainly  highly  interesting,  and  de- 
serving a  more  accurate  examination  than  has  been  hi- 
therto bestowed  on  it.  In  order  to  explain  it,  we  roust 
recollect  that  caloric  is  constantly  radiating  from  all 
bodies.  It  is  evident  that  the  temperature  of  the  tbcr- 
mometer,  like  that  of  all  other  bodies,  is  maintained 
partly  by  the  irradiation  of  cadoric  from  the  surrounding 
bodies.  Ii  must  iherefore,  since  it  is  placed  in  the  fo- 
cus of  one  of  the  mirrors,  be  affected  by  whatever  body 
is  placed  in  the  focus  of  the  other.  If  that  body  be 
colder  than  the  surrounding  bodies,  less  caloric  will  be 
irradiated  from  il,  and  thrown  upon  the  thermomeier  ; 
consequently  the  thermometer  will  be  depressed  till  the 
deficiency  is  supplied  by  some  other  channel.  Such 
nearly  is  the  explanation  of  this  singular  fact  ojfercd  b^ 
Frevost  and  Dr  Hulton.  But  it  cannot  be  denied  that 
this  explanation,  ingenious  as  it  is,  is  very  far  from 


ever  may  he  the  cause)  tlic  spirit  of  wine  did  indeed  pnKndf  befin  to 
ri*c  :  for  all  lhi«,  wr  dare  nol  be  pouIiTe  but  there  might  be  mxm  other 
cauK  ihetfof,  bciidet  ihe  wu»  of  the  rcfleciiou  bom  the  glu>,  linee  we 
were  deGcictit  in  nukinjgall  ihc  trial*  necesury  <o  dear  iht  eiperiRirn'-" 
Set  Jfurtali  tflhi  Jttyal  UilUntiai,  \.  2M- 

yoi.  /.  o « 
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being  satisfactory.     If  Mr  Loslie  ceulil  prove  that  tk 

sappotcd  rays  of  best  are  aerial  {raises^  iae  woold  ac* 

count  for  the  phenomena  io  a  satiflfaotorjr  manner. 

A  very  great  degree  of  oold    may  be   prodaced  hf 

mixing  together  different  solidc,  ijvM^  siiddenly  bccoae 

If  quid.     The  cause  of  this  hat  |>oen  already  explained 

Bat  as  such  mixtures  are  often  employ^  in  cheaiistij, 

in  order  to  be  able  to  eapote  bodies -to  the  influence  of 

a  low  temperature^  it  will  be  worth  a^ile  to  enoncnk 

the  different  substances  which  np^y  be  employed  far 

that  purpose,  and  the  degree  of  cold  whidi  each  of  thai 

is  capaUe  of  producing.. 

Of  frefsing        Xhe  first  person  who  made  expertmente  on  frecziig 
mixtures* 

mixtures  was  Fahrenheit-    But  the  anbject  was  madi 

«  more  completely  investigated  by  Mr  Walker  in  variiMS 

papers  published  in   the  Philosophieal   TransacMS 

from  1787  to  i«Ol.  Several  cnrions  addsdooa  b«\'cbcn 

made  by  Professor  Lowitz,  partieulariy  die  innate* 

tion  of  muriate  of  lime^  which  produces  a  very  great  de* 

grec  of  cold  when  mixed  with  snow  *.       The  expcri* 

ments  of  Lowitz  have  been  lately  repeated  and  cxtea^ 

ed  by  Mr  Walker  f .     The  re&olt  of  all  these  experi- 

ments  may  be  seen  in  the  fbliowing  Tables,  which  i 

transcribe  from  a  paper  with  which  I  have  been  latdf 

iavoured  by  Mr  Walker. 


*  jUm,  dcCiim.  xsii.  297.  and  izix.  aSl. 
(   PiL  Trms.  l80i,  p.  120. 
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TABIR  I, 

Frigorific  mixtures  without  ice. 


Chip.  tl. 


Mixturei. 


of  amtnonia  •••   5 
of  potash  5 

H 


of  smmonia  •  6 

df  potash 5 

:  of sojia... $ 

16 

of  ammonia  •••   } 
* 

-— • 1 —  \  . r- 

ot  ammonia  •••  ji 
te  of  soda jl 

•  ••••••  f- 


•^    •  1  • ,  t  ■■  /«-■  •■■     I 
il     • ^'   .  «        I 

Thermometer  tinks. 


From  4^0^  to  +10^. 

'  II I  yvv*    '    I 

I 


•r- 


Froip  -f  50^  to  -}-4*; 


Degree  of 

cold 
j)r<Kluced, 


40 


46 


.  i.r  ■• 


Frofi  +50^  t6— '7"^.' 


:  of  soda  • p 

nitric  acid  2 

;  of  soda  .1777.  6 
of  ammonia  ...  4 

of  pota^  ••.«..  2 
niuip  9cid  J,.,,  4 

s  of  soda   6 

of  ammonia  ..,  5 
nitric   acid    ...   4 

lite  of  soda  ,..,..,  9 
nitric  acid 4 

ite  of  soda q 

ofajiinior)hi  *,,  q 
oitri.ca.cid. 4 

e  of  sod*...  w  8 

eof  soda 5 

sulphuric  acid  .  4 


>  . 


u 


.■ 


■^■^ 


Frotx+56'',t9/:r-?''.' 


From  +50*  to  — 10^. 


«  1^    ...%<. ur  Ml 


Froqa  -f^^^to— ^4* 


From  -f-50*  to— ^,2^,. 
•From +59?^  ip:,yrijL«. 


•57  • 


53 


60 


•  •  i 


Mil, 


(54 


From  +50*".  ta  0^ 
From  +30^  to  -^3*^. 


C2 


71 


50 


47 


If  the  matcriali  are  mixed  at  a  warmer  tcmperatnr*  than  that 
.  in  the  table,  the  effect  will  be  proportionaby  greater ;  ihut,  if 
powerful  of  these  mixtDres  be  made,  when  the  air  is  +85*,  it 
.  the  thermometer  to  4-  4^  # 
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TABLE   It 
Frigbrific  Mixtures  viitb  Ice. 


Snow,  at  pounded  ice      2 
Marixte  of  soda  .  .  ;  .  .  I 


Snow,  or  pounded  ice  .*  5 

Muriate  of  soda 2 

Muriate  of  ammonia  .  .  I 


Snow,  or  pounded  ice  24 
Munate  of  soda  ....  10 
Muriate  of  ammonia  .  .  5 
tJitrate  of  potash  . .  .  .  S 


Snow,  or  pounded  ice    IS 

Muriate  of  soda 5 

Filtrate  of  ammonia   . 


Snow    

Diluted  sulphuric  acid     2 


Snow    

Muriatic  acid 


Snow    

Diluted  nitric  acid    , 


Snow    4 

Muriate  of  lime  .... 


Chryst.  muriate  of  lime  3 

Snow 

Potash , 


to— 5" 

> 

1 

to_l2'» 

1 

(I 

■ 

to  — IS" 

to  — 25" 

From  -l-SS"  to  - 


From  +32* 

to 

—  21" 

From  +32' 

to 

—SO" 

From  +32" 

to 

—40° 

From  +32° 

,a 

-5U« 

TABLE  ni. 

CombiHotitMs  of  Frigorific  Mixtures. 


581 
Cli*p.lL 


«•„»„. 

Put*. 

ihateof  soda 5 

tc  of  ammonia  ...  3 
ed  nitric  add 4 

From  0*  to  —34° 

34 

)hate  of  soda s 

te  of  ammonia    ...  2 
ed  mixed  acids  ...  4 

From  —34"  to  —50" 

16 

ed  nitric  acid 2 

From  0"  to  — «» 

*6 

.. 8 

eisulphwrieacidS? 
cd  nitric  acid        3  $ 

From  -ID"  to  —56* 

40 

ed  sulphuric  acid .  1 

From  -20*  to  — eo" 

40 

From  +20"  to  —48" 

68 

flime                  A 

From-flO*  10—54" 

64 

From  —15°  to  —68° 

53 

of  lirne                  3 

From  0«  to  —60° 

66 

It.  muriate  of  lime  2 

From  —40°  to  —tS" 

S3 

It.  muriate  of  lime  3 

From— as*  to  —81* 

23 

Ml  sulphuric  acid  10 

Sti  SOURCES  6f  l!lU.ORIC» 

^Jjjj*  t  In  ord?r  to  produce  these  effects,  the  salts  cmploTed 
must  be  fresh  crystallized,  and  newly  reduced  to  a  very 
fine  powder.  The  vessels  in  which  the  freezing  mix- 
ture  is  made  should  be  very  thin,  and  just  large  cnougli 
to  hold  it,  and  the  materials  should  be  mixed  togethcx 
as  quickly  as  possible.  The  materials  to  be  cmplcytd 
in  order  to  produce  great  cold  Ought  to  be  first  rcducd 
to  the  temperature  marked  In  the  Tablt,  by  plalcioj 
them  in  some  of  the  other  freezing  mixtures  ;  and  thca 
they  nr«  to  be  mixed  togetbar  in  a  sinttlar  freezing  »«- 
ture.  If,  for  instance,  we  wish  16  product  a  cdd  = 
—  \6^9  the  snow  and  diluted  nitric  acid  ought  to  be 
cooled  down  to  0®,  by  putting  the  vessel  which  cott- 
tains  each  of  them  into  the  first  freezing  niixiore  io  tbe 
second  Table  before  they  arc  mixed  together.  If  a  still 
greater  cold  is  required,  the  materials  to  produce  it  ire 
to  be  brought  to  the  proper  teibperature  by  being  ]M«- 
viously  placed  in  the  second  freezing  mixture.  This 
process  is  to  be  continued  till  the  required  degltf  of 
cold  has  been  procured  *. 


SECT.  III. 

OF  THE  SOURCES  OF  CALORIC. 

i Saving  in  the  preceding  Sefctions  examined  the  tia- 
ture,  properties,  and  effects  of  caloric,  as  far  as  the  suB- 
jeci  has  been  latherto  investigated,  it  now  only  remains 
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for  118  to  coiigider  the  different  methods  by  which  caIo«  Chap.TL 
710  maj  be  efx>lved  6v  made  feasible,  or  the  different 
.  sources  from  whicb  it  tnay  be  obtained.  These  sources 
mny  be  reduced  tiD  five :  It  radiatti  constantly  from 
the  sun-;  it  is  evolved  daring  combustion ;  and  it  is  ex- 
tricated in  flaany  cases  by  percussion,  firiction,  and  miz-^ 
tore.  The  sources  of  heat,  then,  ar^  the  iun^  c^mhtis* 
tUttf  percusnofh  fricti^  mtpeture.  Let  us  consider  each 
of  these  sourcea  in  the  order  in  which  we  have  enume- 
rated  them. 

I.  The  Sdk, 

I 

The  sun^  which  constitutes  as  it  were  the  vital  part  Nature  of 
of  the  whole  solar  system,  is  an  immense  globe,  whose        "'^ 
<iiameter  has  been  ascertained  by  astronomers  to  be  no 
less   than   888,240  miles,  and  which  contains  about 
JS3,92B  times  as  much  matter  as  the  earth,     Philoso* 
phera  long  supposed  that  this  immense  globe  of  matter 
was  undergoing   a  violent  combustion  }    and  to  this 
cause  they  ascribed  the  immense  quantity  of  light  and 
heat  which  are  constantly  separating  from  it.     But  the 
late  very  curious  and  important  observations  of  Dr 
Herschel  leave  scarcely  any  room  for  doubting  that  this 
opinion  is  erroneous  *.     From  these  observations  it  fol* 
lows,  that  the  sun  is  a  solid  opaque  globe,  similar  to  the 
earth  or  other  planets,  and  surrounded  by  an  atmosphere 
of  great  density  and  extents     In  this  atmosphere  there 
float  two  regions  of  clouds :  The  lowermost  of  the  two 
i3  opaque  and  similar  to  the  clouds  which  form  in  our 


•  FIH.  Tram.  iSoi,  p.  265. 
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ly^J^'iL  ^^^osphcre ;  but  the  higher  region  of  clouds  it  Iain- 
<      V     ■>   nous»  and  emits  the  immenae  quantity  of  light  to  whick 
the  splendour  of  the  sun  is  owing.    If  appears,  too,  tbt 
these  luminous  clouds  are  subject  to  varioos  duDga 
both  in  quantity  and  lustre.     Hence  I>r  Herschel  drain 
9&  a  consequence,  that  the  quantttjr  of  heat  and  light 
eqnitted  by  the  sun  varies  in  different  seasons ;  and  be 
supposes  that  this  is  one  of  the  chief  soorces  of  the  dif* 
fef^nce  between  tbp  tegiperatnres  of  different  Tears. 
'^^  ^^^       ^'  ^^^^  ^^^  experiments  of  Herschel,  Bockman,  and 
rajt.  Wollaston,  it  follows  that  the  sun  emits  three  kinds  of 

rajs  ;  namely,  calorific^  colorific^  at^d  deoxidis&ing.    Tk 
first  occasions  heat^  t&e  second  colour^  and  the  third  se- 
parates oxygen  from  various  bodies.  * 
Theie  riyt         ^.  When  the  solar  rays  strike  traniparent  bodies,  thcj 
bodies  in       produce  very  little  effect*;  but  opaque  bodies  are  heated 

to^E^wk-   ^y  *^^™*     ^^^^  ^'  follows  that  transparent  bodies  al- 
oeM  of  their  low  these  rays  to  pass  through  themi }  but  that  they  ait 

detained,  at  least  in  part,  by  opaque  bodies.  The  deep- 
er the  colour  of  the  opaque  body,  the  greater  is  the  rise 
of  temperature  which  it  experiences  from  exposure  to 
the  sun's  rays.  It  has  been  long  known,  that  when  co- 
loured bodies  are  exposed  to  the  light  of  the  sun  or  of 
combustible  bodies,  their  temperature  is  raised  in  pro* 
portion  to  the  darkness  of  their  colour.  To  ascertain 
this  point,  Dr  Hooke  made  a  curious  set  of  experiments, 
which  were  repeated  long  after  by  Dr  Franklin.  This 
philosopher  exposed  upon  snow  pieces  of  cloth  of  diffe- 
rent colours  (white,  red,  blue,  black)  to  the  light  of  the 
sun,  and  found  that  they  sunk  deeper,  and  consequentlj 
acquired  heat,  in  proportion  to  the  darkness  of  their  co- 
lour. This  experiment  has  been  repeated  with  more 
precision  by  Mr  Davy.     He  exposed  to  the  lightf  six 
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equal  pieces  of  copper  painted  white^  yellow,  red,  greeo^     Cha^lf> 
blue,  and  black,  in  such  a  manner  that  only  one  side  of  '     ^ 

the  pieces  was  illnminated.  To  the  dark  side  of  each 
was  attached  a  bit  of  cerate,  which  melted  when  heated 
to  lo^.  The  cerate  attached  to  the  blackened  copper 
became  first  fluid,  that  attached  to  the  blue  next,  then 
that  attached  to  the  green  and  red,  then  that  to  the  yel- 
low, and  last  of  all,  that  attached  to  the  white  *•  Now 
it  is  weH  known  that  dark  coloured  bodies,  even  when 
equally  exposed  to  the  light,  reflect  less  of  it  than  those 
which  are  light*coloured  ;  but  since  the  same  quantity 
falls  upon  each,  it  is  evident  that  dark> coloured  bodies 
must  absorb  and  retain  more  of  it  than  those  which  are 
light-coloured.  That  such  an  absorption  actually  takes 
place  is  evident  from  the  following  experiment.  Mr 
Thomas  Wedgewood  placed  two  lumps  of  luminous  or 
phosphorescent  marble  on  a  piece  of  iron  heated  just 
under  redness.  One  of  the  lumps  of  marble  which  was 
blackened  over  gave  ont  no  light ;  the  other  gave  out  a 
great  deal*  On  being  exposed  a  second  time  in  the 
same  manner,  a  faint  light  was  seen  to  proceed  from 
the  clean  marble,  but  none  at  al\  could  be  perceived  to 
come  from  the  other.  The  black  was  now  wiped  ofl^ 
^nd  both  the  lumps  of  marble  were  again  placed  on  tl^c 
hot  iron :  The  one  that  had  been  blackened  gave  6u| 
just  as  little  light  as  the  other  f.  In  this  case,  the  light 
which  ought  to  have  proceeded  froni  the  luminous 
marble  disappeared :  it  must  therefore  have  been  stop- 
ped  in  its  passage  out,  and  retained  by  the  black  paint* 
Now  black  substances  are  those  which  absorb  the  most 


*  Beddoes't  CtMtriSutkiu,  p.  4.  f  PklL  Tnuu.  179s. 
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ligbty  and  thcj  are  the  bodies  which  are  most  heated  k; 
ezpotore  to  light.  Gavallo  obaenred,  that  m  thennoM^ 
ter  with  its  bulb  blackened  stands  higher  than  ooewhkk 
had  iu  bulb  clean,  when  exposed  to  the  light  of  tk 
son,  the  light  of  day,  or  the  light  of  a  lamp  *•  Mr  Pi^ 
tet  made  the  same  observation,  and  took  care  to  ascer* 
tain,  that  when  the  two  thermometers  were  allowed  to 
remain  for  some  time  in  a  dark  place,  they  acquiied 
precisely  the  same  height*  He  observed,  too^  tbt 
when  both  thermometers  had  been  raised  a  certain  dob- 
ber  of  degrees,  the  clean  one  fell  a  good  deal  faster  tino 
the  other  f. 
Heat  |»ro-  3.  The  temperature  produced  in  bodies  by  the  direct 

Che  rzjioi  action  of  the  sun's  rays  seldom  exceeds  120^ ;  bot  i 
^  ***•  much  higher  temperature  would  be  produced  if  ire 
were  to  prevent  the  heat  communicated  from  being  ctr- 
ried  off  by  the  surrounding  bodies.  Mr  Saossore  male 
a  little  box  lined  with  fine  dry  cork,  the  surface  of 
which  was  charred  to  make  it  black  and  spongy,  in  or- 
der that  it  might  absorb  the  greatest  possible  quantity 
of  the  sun^s  rays,  and  be  as  bad  a  conductor  of  caloric 
as  possible.  It  was  covered  with  a  thin  glass  plate. 
When  this  box  was  set  in  the  sun's  rays,  a  thcrraonjcter 
laid  in  the  bottom  of  it  rose  in  a  few  minutes  to  221*^; 
while  the  temperature  of  the  atmosphere  was  onlj 
15°  J.  Professor  Robison  constructed  an  apparatus  of 
the  same  kind,  employina^  three  very  thin  vessels  of 
flint  glass,  whicli  transmit  more  caloric  than  any  of  \ht 
other  species  of  glass.     They  were  of  ilie  same  shape, 


•  F'il.  TtJHi.  17S0.  f  Sf.r  le  Feu,  chap.  iv. 
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arched  above,  with  an  iftterval  of  |  lilch  between  them.  ,  Chip,  it 
They  were  set  on  a  cotk  bftse  (>repsired  like  Sailsftare% 
find  pkeed  6A  dovm  eotitaiAed  iti  a  pasteboard  cylinder. 
With  this  apparatus  the  thermometer  rose  often  in  a 
clear  summer  daj  to  2^0^  and  once  to  231^.  Even 
when  set  before  a  bright  flre^  the  thermometer  rose  to 

212°*. 

4.  Such  is  the  tempemtitfe  produced  by  the  direct  ^  ^"^""^ 
rays  of  the  sun.  But  whetf  its  raya  are  concentrated 
by  a  buming-glaas^  they  ire  capable  of  setting  Art  to 
combustibles  with  ease,  and  even  of  producing  a  tem- 
perature It  least  as  great,  if  not  greater^  than  what  can 
be  procured  by  the  most  violent  and  best  conducted 
fires.  In  order  to  produce  this  effect,  however,  they 
must  be  directed  upon  some  body  capable  of  absorbing 
and  retaining  them ;  for  when  they  are  ooncentrated 
upon  transparent  bodie%  or  Upon  fluids,  noere  mr  for 
instance,  they  produce  Uitk  or  no  cflect  whatever. 

Count  Rumford  has  shown  by  direct  eJcperiment,  th«t 
the  hcftiing  power  of  the  solar  rays  is  not  increased  by 
concentrating  them  into  a  focus^  but  that  the  intensity 
of  their  action  is  occasioned  by  a  greater  number  of 
them  being  brought  to  beat  upon  the  same  point  at 
once  +. 

5.  These  facts,  which  have  been  long  known,  indu- 
ced  philosophers  to  infer,  that  the  fixation  of  light  in 
bodies  always  raises  their  temperature.      On  the  other 


*  Black*t  Lettures,  i.  547.  When  the  apparatus  wai  carried  to  a  damp 
cellar  before  the  glasses  were  put  in  their  places,  10  that  the  air  within 
wat  fkioiat,  the  thermometer  never  toie  above  ao8^.  Hence  Dr  Robiaon 
concluded,  that  moiat  air  eondacu  better  than  dry ;  a  condutioD  fuUf 
confirmed  by  the  tubiequent  expel imcnta  of  Cooot  Rumford. 

+  Jottr.  de  Pbys.  Ixi.  32. 
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Book  F.  hand>  it  was  known  that  the  fixation  of  a  certtia  qnaa* 
-  ,L  ^  '  '  tity  of  caloric  always  occasions  the  appearance  of  liglttj 
for  when  bodies  are  raised  to  a  certain  temperatnre  thcj 
always  become  red  hot.  Hence  it  'wzs  concluded  that 
light  and  caloric  reciprocally  evolve  each  others  ud 
this  was  explained  by  supposing  that  they  have  the  pro* 
perty  of  repelling  each  other. 
Owm^to  G*  But  the  recent  discoveries  in  this  part  of  chemis- 

of^aiork!"  ^  ^^^^  destroyed  all  the  evidences  on  which  these  con- 
clusions were  drawn.  Not  only  light,  but  caloric  shc^ 
radiates  from  the  sun.  We  cannot  therefore  ascribethe 
rise  of  temperature  to  the  absorption  of  light,  but  to  die 
abjiorptio9  of  caloric ;  especially  as  the  rays  of  the  moooi 
though  luminous^  occasion  no  rise  of  temperature.  Hie 
facts,  then,  oblige  us  to  conclude,  that  the  sun  emits 
rays  of  caloric ;  that  these  rays  are  absorbed  by  ops^ 
bodies,  and  detained  by  them ;  and  that  the  absorptioo, 
other  things  being  equal,  is  proportional  to  the  darkom 
of  the  colour  of  the  absorbing  body.  Thus  it  appears, 
that  when  a  body  is  acted  on  by  rays  of  caloric,  the 
change  of  tcniperature  depends  upon  its  opacity  and  co- 
lour. In  this  respect  caloric  agrees  with  light,  fim 
when  caloric  is  conducted  to  a  body,  its  opacity  or  colour 
does  not  influence  the  subsequent  change  of  tempera* 
ture. 


II.  CoMBUSTioy. 

Phcnomcria        TilERE  is  perhaps  no  phenomenon  more  wonderful 
ofcombus-     Jn  itself,  more  interesting  on  account  of  its  utility,  or 
winch  has  more  closely  occupied  the  attention  of  che- 
mists, than   comhustion.       When  a  stone  or   a  brick  :> 
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heatedy  it  undergoes  no  change  except  an  aagmentation  ^Cht|>.t>. 
of  temperatore ;  and  whealelt  to  itself,  it  soon  cools 
again  and  becomes  as  at ''first.  Bat  with  combustible 
bodies  the  case  is  verj  different*  When  heated  to  a 
certaiA  degree  in  the  open  air,  they  suddenly  become 
nuch  hotter  of  theioselTes,  coDttmse  for  a  considerable 
time  intensely  hot,  ending  oot  a  eopious  stream  of  ca- 
loric and  Ught  to  the  siimmndibg  bodies.  This  emis- 
itoiiy  after  a  certain  period,  begins  to  diminish,  and  at 
laist  ceases  altogether.  The  combustible  has  now  un- 
dergone a  most  complete  change  ;  it  is  converted  into  a 
substance  possessing 'very  di&rent  properties,  and  no 
longer  capable  .d£  combuation.  Thus  when  charcoal  is 
kept  forsokne  time  at  the  temperature  of  about  800^,  it 
kindles,  becomes  intensely  hot,  and  continue  to  emits 
light  and  caloric  for  a  loop  time.  When  the  emission 
ceases,  the  charcoal  has  all  disappeared,  except  an  in- 
considerable residttom  of  ashes  ;  being  almost  entirety 
converted  into  carbonic  acid  gas,  which  makes  its  escape 
Unless  the  experiment  be  conducted  in  proper  vessels. 
If  it  be  collected,  it  is  fbond  to  exceed  greatly  in  weight 
the  whole  of  the  charoohl  consumed. 

1.  The  first  attempt  to  explain  combustion  was  crude 
and  unsatisfactory.     A  ceruia  elementary  body,  called 

Jire^  was  supposed  to  exist,  possessed  of  the  property  of 
devouring  certain  other  bodies,  and  converting  them  itito 
itself.  When  tre  set  fire  to  a  grate  full  of  charcoal,  we 
bring,  according  to  this  hypothesis,  a  small  portion  of 
the  element  of  fire,  which  immediately  begins  to  devour 
the  charcoal,  and  to  convert  it  into  fire.  Whatever  pan 
of  the  charcoal  is  not  fit  for'  being  the  food  of  fire  is  left 
behind  in  the  form  of  ashes. 

2.  A  much  more  ingenious  and  satisfactory  hypothe- 
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sis  was  proposed  in  1665  by  Dr  Hooke.  AcomSmf 
to  thisextnordinarj  man^  then  exists  in  connnoo  liri 
^1^^*^  certain  sabttancc  which  is  like,  if  n^  the  Tecy  im 
comlmt-  vrith  that  which  is  fixal  in  saltpetre.  This  sehtoaor 
has  the  propert  j  of  dinolving  all  coMbostiiiles ;  hat » 
Ij  when  tlieir  tempcratmeis  cwiBiika  ahi j  raised.  Tk 
solution  takes  place  with  snch  rapidity,  that  it  occsiiooi 
both  heat  and  light;  which  in  ^is  opinion  aremeieas- 
tioas.  The  dissolved  substsnce  is  psrtljin  tht  stale  rf 
air,  partly  coagulated  in  a  liquid  or  sc4id  Coras.  Tk 
quantity  of  this  solvent  present  in  a  given  fanlk  of  sirii 
incomparably  less  than  in  the  sanse  balk  of  sakpcec 
Hence  the  reason  that  a  combastibl&  oootinves  banusi 
but  for  a  short  time  in  a  given  bulk  of  air :  Tiie  solvent 
is  soon  saturated,  and  then  of  ooorse  the  coi^Histioa  b 
at  an  end.  Hence  also  the  reason  that  combnstion  sac* 
ceeds  best  when  there  is  a  constant  sopply  of  fresh  sir, 
and  that  it  may  be  greatly  accelerated  by  fbeciag  ia  sir 
with  bellows  *. 
Adopted  by  About  ten  years  after  the  publication  of  Hook's  Afi- 
Mijuvr,  cro^rapbia,  His  theory  was  adopted  by  Mayow,  without 
acknowledgement,  in  a  tract  which  he  published  at  Ox- 
ford on  saltpetre  f .  We  are  inddMcd  to  him  for  a  num- 
ber of  very  ingenious  and  important  experiments,  in 
lahich  be  anticipated  several  modem  chemical  philoso- 
phers ;  but  his  reasoning  is  for  the  most  pert  absurd, 
and  the  additions  which  he  made  to  the  theory  of  Hookc 
are  exceedingly  extravagant.  To  the  solvent  of  Hookc 
he  gives  tlie  name  oispiritus  mtro^aereus.     It  consists^ 


♦  Hook\s  jHurvgrafilid,  fi.  103.     Sec  also  his  Za«r/a/. 
f  De  Sj'-nitre  et  Sfirlti  NHr^acn; 


i    he  supposes,  of  veiy  minate  particles^  which'  are  coa«   ^Ctmp.lL 

s    stantly  at  variance  with  the  particles  of  oomfcastibles^ 

I     and  from  their  quarrels  a}l  the  changes  of  things  pn>« 

I    ceed.     Fire  consists  in  the  rapid  motion  of  these  p^rti- 

I     clesy  heat  in  their  less  rapid  motion.     The  son  is  mece- 

I     Ij  nitro- aerial  particles  moving  with  great  raptditj* 

Thej  fill  all  space.   Their  motion  1>ecomes  more  languid 

according  to  their  distaaoe  from  the  siU';  and  when  thej 

,     approach  near  the  earth,  thq/-  become  pointed^  and  con- 

stitnte  cM  *. 

3.  The  attention  of  chemical  philosophers  was  soon  Theory  of 
drawn  awaj  from  the  theory  of  Kooke  and  Majow  to 
one  of  a  very  different  kind,  first  proposed  by  Beccfaer, 
bnt  new-modelled  by  his  disdple  Stahl  with  so  modi 
skill,  arranged  in  snch  an  elegant  systematic  form,  anA 
furnished  with  such  namerons,  appropriate,  and  covvin- 
cing  illostrations,  that  it  almost  instantly  caught  the 
fancy,  raised  Stahl  to  the  higher  rank  among  pliiloso- 
phers,  and  constituted  him  the  founder  of  the  Stahlian 
theory  of  combustion. 

According  to  Stahl,  all  -eombuitible  substances  coo«< 
tain  in  them  a  certain  bodyi^  known  by  the  name  of 
PfiLOOiSTOi*',  to  which  tbey-bwe  their  combustibility*: 


•  Though  M«yow*»  dwwy  wti  apt  original,  and  though  hk  idittiin* 
to  it  be  ahftur J,  hi*  tract  Itt^  ^iybyf  gfcnt  gepi)y*i  aad  «QOlpjnt  a  ^m 
number  of  new  Tiews,  which  baTC  bcw  fvUy  cpnfi^ed  by  the  recqit 
discoveries  in  chemistry.  He  pointed  cm  the  cause  of  the  increase  of 
weight  in  metals  when  calcined ;  lie  luccrtAined  the  chaifgi»  |>rodQce<l 
upon  air  by  reapiracion  and  combustion ;  and  employed  in  1^  fepewdiea 
an  apparatua  similar  to  tltf  pRatpi  pBoumati^  f|iparatiia  of  *hnV»f. 
Perhaps  the  moat  curious  part  of  the  whole  treatise  ifl  his  fourteenth  chap- 
ter, in  which  he  displays  a  much  more  accurate  knowledge  of  affimitiei^ 
than  any  of  his  contemporaries,  or  even  successors  for  many  years. 
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BookT.     This  substance  is  precisely  the  sarne   in  all  combes'^ 
bles.     These  bodies  of  course  owre    their  diversitr :? 

m 

Other  ingredients  which  they  contain,  and  with  wbiri 
the  phlogiston  is  combined.  Combustion,  andalliisz:- 
tendant  phenomena,  depend  upon  the  separation  and  dis- 
sipation of  this  principle ;  and  when  it  is  once  sepantd, 
the  remainder  of  the  body  is  incombnstible.  Phlo^ 
ton,  according  to  Stahl,  is  peculiarly  disposed  to  be  i^ 
Cected  by  a  violent  whirling  motion.  The  heat  tnd  tk 
light,  which  make  their  appearance  during  combuido!;, 
are  merely  two  properties  of  phlogiston  when  in  this 
state  of  violent  agitation. 
Improved.  4*  The  celebrated  Macquer,  to  whose  illustrious  li- 

hours  several  of  the  most  important  branches  of  chemis- 
try owe  their  existence,  was  one  of  the  first  persoss 
who  perceived  a  striking  defect  in  this  theory  of  Snhl. 
Sir  Isaac  Newton  had  proved  that  light  is  a  bodv ;  i: 
was  absurd,  therefore,  to  make  it  a  mere  property  of 
phlogiston  or  the  element  of  (ire.  Macquer  according]^ 
considered  plilogiston  as  nothing  else  but  iii>ht  fixed  :n 
bodies.  This  opinion  was  embraced  by  a  great  num- 
ber of  the  most  distinguished  chemists  ;  and  manj  in- 
genious arguments  were  brought  forward  to  prove  ir« 
truth.  But  if  plilogiston  be  only  light  iixed  in  bodies, 
whence  comes  the  heat  that  manifests  itself  during- com- 
bustion ?  Is  this  heat  merely  a  property  of  ]i(rht  r  D: 
Black  proved  that  heat  is  capable  of  combini>:n'  wiih. 
or  becoming  fixed  in  bodies  which  are  not  combustible, 
as  in  ice  or  water  ;  and  concluded  of  course,  that  it  is 
not  a  property  but  a  body.  This  obliged  philosophers 
to  take  another  view  of  the  nature  of  phlogiston. 
3-  According  to  them^  there  exists  a  peculiar  matter. 
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mely  subtile,  capable  of  penetrating  the  densett   ^Ot^H-^ 
Itodtes,  asloaishingly  clastic,  and   the  cause  of  heat;  ~ 

Ught,  magnetisin,  electricity,  and  cTen  of  gravitation. 
This  matter,  the  ether  of  Hooke  and  Newton,  is  also  ' '  j^ 
the  substance  called  phlogiston,  which  exists  in  a  fixed 
lUte  in  combustible  bodies.  When  set  at  liberty,  it 
i^ves  to  the  substances  called  caloric  snd  light  thosfe 
peculiar  inotioas  which  produce  in  as  the  sensations  of 
heat  and  light.  Hence  the  appearance  of  caloric  and 
light  in  every  case  of  combustion  ;  hence,  too,  the  tea-  i 

son  that  a  body  after  combustion  is  heavier  than  it  was  ^^H 
before  i  for  as  phlogiston  is  itself  the  cause  of  graviti-  ^^H 
tion,  it  would  be  absurd  to  suppose  that  it  possesses  ^^ 

gravictiton.     It  is  more  reasonable  (o  consider  it  as  en- 
dowed with  a  principle  of  levity. 

6.  Some  time  after  this  last  modification  of  the  phlo-  ModiJtfl 
gistic  theory,  Dr  Priestley,  who  was  rapidly  extending  ^J  '^''' 
the  boundaries  of  pneumatic  chemistry,  repeated  maoT 
experiments  formerly  made  on  combustion  by  Hooke, 
Mayow,  Boyle,  and  Hales,  besides  adding  many  of  his 
own.  He  soon  found,  as  ihey  had  done  before  him^ 
that  the  air  in  which  combustibles  had  been  suffered  to 
burn  till  they  were  extinguished,  had  undergone  a  veij 
remarkable  change  ;  for  no  combustible  would  after- 
wards burn  in  it,  and  no  animal  could  breathe  it  with- 
out suffocation.  He  concluded  that  this  change  was 
owing  to  phlogiston ;  that  the  air  had  combined  with  ^^^ 

that  substance  ;  and  that  air  is  necessary  to  combustion,        ^^H 
by  attracting  the  phlogiston,  for  which  it  has  i  strong         ^^H 
a£Snity.     If  so,  the  origin  of  the  heat  and  light  which         ^^^ 
appear  during  combustion  remains  to  be  accounted  for; 
rai.  I.  P  p 
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^ince  phlogiston,  if  it  sepxiaies  from  the  coisbusii^ 
merely  by  combiuing  with  air,  cannot  surely  aciofOJ 
those  bodies  in  what  state  soever  we  may  suppose  ttim- 

7.  The  celebrsiled  Di  Crawford  w^s  the  fi»t  pciva 
who  attempted  to  Mtlve  this  difiicuUy,  by  applyisju 
the  theory  of  combimion  Dr  Black's  docuine  of  \uai 
heal.  According  to  him,  tJ)e  phlogiston  o£  the  «•• 
busiible  comhJfies  doting  combusiioa  with  thcait,uJ 
at  the  same  time  separates  the  caloric  and  light  wtd 
which  that  fluid  had  been  previously  united.  The  hoi 
and  ihc  lighi,  then,  which  appear  during  corabutiM, 
exist  previously  in  the  air.  This  theory  was  very  it- 
fcreiit  from  Siahl's,  and  certainly  a  great  deal  more  j>- 
lisfactory.  But  still  the  ijuestion.  What  is  phtogiiloa' 
remained  to  be  answered. 

t.  Mr  KirwaD,  who  had  already  raised  btmself  te  At 
first  rank  among  chemical  philosophers,  by  many  its* 
portatit  dpscDveries,  and  many  ingenioas  invetligatiani 
of  some  of  the  most  difficult  parts  of  chcmisiry,  aiicmpi- 
cd  to  ansTver  this  question,  and  to  prove  that  phlogisieo 
U  the  same  viih  hydrogen.  This  opinion,  which  Mr 
Kirwan  informs  us  was  first  suggested  hy  the  discovciia 
of  Dr  Prit'.iify,  met  with  a  very  favourable  rcctpuoo 
from  the  chemical  world,  and  was  adopred  eiihei  in  iti 
full  extent,  or  with  certain  modifications,  by  Bergman, 
Morvcat).  Crell,  Wiegleb,  Weslrumb,  Hermbstadt. 
Karsten,  B<:«Ity,"priL'siley,  'a»d  Detametiierie,  Tlit 
object  of  Mr  Kirwan  was  lo  prove,  that  hydrogen  *>■- 
ists  as  a  coniponent  part  of  every  combustible  boriyi 
that  dm'ng  combustion  it  separates  from  the  combusii- 
Mebniiy,  and  cotabines  wiih  theiwjgcn  of  the  air.  This 


fie  attempted  in  a  treatise  published  on  purpose,  talifled, 
An  Kisayon  PbJogiitom  and  the  Cotutitution  o/Aeidt*. 


■  I  lu*e  oihitled,  in  ihc  biMoiiuJ  viiw  ^VEn  in  ihc  tell,  U)c  h]i]io- 
Mail  paliiUicd  in  1777  bf  Mr  Sihtclc.  «nc  of  i£e  mail  otnordiaary 
«Mn  that  ev«i  ciimrd^  Whdi  Tiry  j'oung,  tK  nu  boBnJ  ipprratice  to 
WpoUuori  ■lOoiuntiiusb.vhcrcbvfini  fell  the  impnlK  of  thw  gc- 
Ida*  wiiicb  >&cmud>  O'sule  him  v  ciimpicuoaL  Ha  dum  oac  inJecJ 
AvcME  hitnidf  Openly  loihemicil  apaimeaii;  but  he  coniritTd  lonuke 
^dnucIF  mifter  of  thmt  Kleflcc  bf  devoting  tlimc  ^ur>  10  ttndr  which 
tKK  usigneil  him  for  «]c«p.  He  irterwatdt  went  10  SWedoi.'and  •rttltd 
JH  ^  >putbccai7  It  Kuping,  Hcte  ttngsun  6nt  faan4  blm,  nw  bit 
ffwrit,  and  cnoounged  i[,  idopted  hii  opinioiu,  ddendcd  fain  with  2cal, 
■Ud  tu/k  upon  hlmielf  the  chai^  ef  publiihirg  liii  creaiifn.  Encaunged 
.'ind  eiciieil  b;  ihii  luignanimoiu  conduti.  tfce  geniui  tif  Scbteti;,  though 
■iMHbtcd  h7  cdutuion  nr  wcalcb.  burti  forth  with  >Moni>hing  liutfc  1 
>Bd  at  ID  ig«  wbdi  nmi  philowpheri  >n  »nlf  litiOK  imo  noliie,  he-  hid 
finiibcd  I  carcct  uf  diitoTCrin  which  ha*e  no  puiUcI  in  the  uinili  of 
AtToittr}.  Whoever  wiihei  10  behold  inpenuili  rombincd  wiih  timpli- 
t\\j,  whi«*cr  wtihei  (o  tec  ihc  iiiexhtuiiibte  tenutcei  of  chcmicil  aiia- 
tjiii;  whoever  withn  li>r  >  model  in  chaninl  rstnnhn— haa  onljr  to 
yciiiie  and  la  lut&y  the  worktol  Schedc. 

In  1717,  Schcde  pubiiifaed  a  ireuiw,  trn'riM  Ctrmiml  Zmftrimeuli  ta 
jfirinii  Firii  whifh  ptrhapi  C'hibiMa  more  >tiiki»g  difpUyof  ihe  ex- 
(ent  of  hii  ireniuB  than  iTl  hi>  other  pubtimioni  put  (ngeiher.  After  1 
«att  ouBibcr  of  eiperiroeai*,  coBiluettd  with  otnoiilillig  ingennitf,  he 
wnclodei^  ihu  coloiic  ii  uiDipoMd  o(>  ccitain  qtwntiljr  of  "lygeA  com- 
bined with  phlojfiituii ;  thai  ndUiit  \iaX,  a  lub'tance  which  he  nippoRd 
capalile  of  being  propapie,!  fn  Hnigh;  tines  libe  light,  and  not  capalila 
(if  combining  witH  ilr.  i<  <iiinpoud  oroiygm  onlied  with  i  grciicr  quin- 
f!iy  of  pliIogi»Mn,aBd  li^ht  of  (aygdi  OrriTed  with  ■  Niil  greMa  4]u>n- 
tiiy,  HeiuppoMtlttoO)  tbaillied:ffia'CD*c  betwoenihcraytdeprndt  vpon 
the  quuitiiy  of  plilogition  :  the  re>l,  iicnrdiegio  him.  coMiintthe  Iran  ; 
ifiCTiolei  IliemoH  pblngitton.  Cy  ;>i/j;''i(w,  Mr  Schrele  Ki'mi  to  hale 
nirint  tyilrt^n.  ft  it  Rcedlm  iflfrrfoie  taeisniine  ftii  ibrory,  ai  It  I« 
BOW  known  l!i3t  the  cnmbfuatius  ui  hf  dtng«n  and  oiy^tl  fatau.  >ut  o^ 
lorit  but  water.  The  wbi>lcfabiK,thclii(uie,haitumblEd  10  the  ground; 
bui  the  imponince  of  the  niaroiiab  will  alwayt  lic  jjnufcd,  anil  the 
ruint  of  (he  tciuctiire  muK  icmaio  etbrval  mooumenu  of  ihc  nniiu  A 
Ac  buildi^r. 


tounets  or  OALoue. 

U.  Duting  thekc  different  modidcitiotis  of  tbe  ialti- 

iso  tlicoi;^  the  iUuslhgua  Lavoiu«r  wai  usidiUHulj  k- 

cupicd  ill  nudging  (he  phcDDtDcna  of  combustion.  Ui 

seems  lo  have  attached  biouclf  to  thia  subject,  xd  n 

bave  seen  the  defects  of  the  prevailing  (bcoiy  n  tail; 

ss  1110.     The  first  precise  notions,  however,  of  nlui 

might  be  the  read  nature  of  eombiution.  were  siig|««iri 

to  him  by  Baycn's  paper  on  the  oxides  of  nicrcu.7, 

^Vhich  lie  heard  read  before  (he  Academy  of  ScicoM 

I  (in  1  'I14<     These  fiisi  notions,  or  rstbcr  caojcctuit^  k 

4  fynued  viih  unwearied  indnstry,  Kssisicd   by  the  as- 

•merous  disco^-eries  -which  were    pouring   in  from  lO 

x^uaiteis  ^  and  by  a  loog  series  of  the   most  labixiau 

,Mid  atcuraircxpchatcnu  MiddiAquisitioasevcruhibit- 

icd  in  chemistry,  be  fully  established  the  existence  nf 

L   this  genersl  law—"  In.  every  case  of  combtulioD,  oif- 

]^ta  combines  with  (he  burning  body."    This  noble  div 

'-  bCovery,tb«  fruitof genias,indusUy,  and  penetraiion, hu 

reflected  new  light  00  every  branch  of  chemistry,  te 

•"connected  and  explained  a  vast  number  of  iacia  forniu- 

,]y  insulated  and  inexplicable,  and  hasQcw.modcUedilK 

•  whole,  and  moulded  it  into  the  form  of  a  seience. 

After  Mr  Lavoisier  had  convinced  himself  o 

L  '  istence  of  this  general  law,  and  bad  published  his  a 

_  to  the  world,  it  was  some  tinia  before  he  was  able  to^ 

.A  single  oonveri,  notwithstanding  his  unwearied  a 

I  '^J!)  <tn'l  'he  great  weight  which  his  talents,  bis  teat 

'  tion,  his  fortune,  and  his  situation  naturally  gave  fa 

^At  last  Mr  BerthoIIet,  at  a  meeting  of  the  Acsdemjb 

laiScicnces  in  II8S,  solemnly  renounced  his  old  opinM 

I'fend  declared  himself  a  convert.     Mr  Fourcroy, 
^  _  sor  of  chemistry  in  Paris,  followed  his  exunplc. 

ia  1181,  Morveau,  during  a  visit  lo  Paris,  was  prersE-~ 
td  upon  to  iclinq^iush  has  formei  opinion*^  and  embrace. 


r 
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those  of  Lavoisier  and  his  fnends.     Tire  example  of  .Chap- 1 
these  celebrated  men  was  soon  followed  by  bU  the  young 
chemists  of  France. 

Mc  Lavoisier's  explanation  of  combustion  depends 
Qpoa  the  two  laws  discovered.by  hinnelf  and  Or  Black. 
When  a  combustible  body  is  raised  lo  a  certain  tempe- 
rature,  it  begins  to  combine  with  the  oxygen  of  the  at- 
mosphere, and  this  oxygen  during  ils  combination  lets 
go  the  caloric  and  light  with  which  it  was  combined 
while  in  the  gaseons  staK.  Hence  their  appearanoo 
during  every  combustion.  Hence  also  the  change 
which  the  combustible  tmdcrgoes  in  conseqvence  c^ 
combustion. 

Thus  Lavoisier  explained  combustion  without  having 
recourse  to  phlogi:iton{  a  principle  merely  supposed  tn 
exist,  because  combustion  could  not  be  explained  with- 
oiM  it.  No  chemist  had  been  able  to  exhibit  phlogis- 
ton in  a  separate  state,  or  to  give  any  proof  of  its  ex- 
istence, excepting  only  its  conveniency  in  explaining 
combustion.  The  proof  of  its  extitence  consisted  en> 
tirelyin  the impossibilityof  explaining comfauslionwith> 
out  it.  Mr  Lavoisier,  therefore,  by  giving  a  satisfacto- 
ry explanation  of  combustion  without  having  recoun« 
to  phlogiston,  proveit,  that  there  was  no  reason  for  sup- 
posing any  such  principle  at  all  to  exist. 

10.  But  the  hypothesis  of  Mr  Kirvrcui,  who  madt 
phlogiston  the  same  with  hydrogen,  was  not  overturn- 
ed by  this  explanation,  because  there  could  be  no  doubt 
that  such  a  substance  as  hydrogen  actually  exists.  But 
hydrogen,  if  it  be  phlogiston,  must  constitute  a  compo- 
nent part  of  every  combustible,  and  it  must  separate 
from  the  combustible  in  every  case  of  combustion. 
These  were  points,  accordingly,  which  Mr  Kirwan  un- 
dertook  to  prove.     If  he  faileil,  or  if  the  very  contrary 


«0tltClt  or  CAUHUI. 

JtodM_   of  liiignppDwti»D»heidbinfitf^hbhypgtli>MSofcoonc 
fcil  to  tbt  groyiuL 

Lavoisier  and  his  associates  taw  at  cmmb  the  import* 
amniea  wluoh  miglit  betntiie  of  Mr  Kirwanfs  cssij. 
^raftilibg  an  fajpotfaesiswiiidi  bad  iiccnaiibfaced  hf 
the  flBOH  respectabk  chtiaisu  in  Emopef  tiieir  caak 
would  rpcoiTO  an  edat  which  would  make  tt  icresitt- 
iUa. :  Accordingl J  Ap  cssajr  wft  tranalated  into  Frcochp 
and  eaoh  of  the  sections  into  which  it  w«s  divided  mi 
aceompspicd  by  a  reSiitation.  Four  pf  she  aectioos 
were  refntcd  bj  Layoisiar,  three  bj  Berthollety  three  by 
Fourcroj,  two  bj  Morrean^  and  one  by  Sfonge.  Aod^ 
to  do  the  French  chemists  justice,  never  waa  there  a  re- 
futalioh  more  complete.  Mr  Kirwan  himseify  with  thit 
candour  iphidi  distingi^tshes  superior  minds,  gave  ap 
bis  opinio!^  as  ^ocenahle,  a^d  depkred  hinaaelf  a  con- 
vert  CO  the  opinion  of  Lavoisiet* 

II.  Thma  Afr  Lavoisier  destroyed  the  existence  of 
phlogiston  altogether,  and  established  a  theory  of  com* 
bttstion  almost  prectsf^ly  similar  to  that  whiph  had  beea 
proposed  long  ago  by  Sr  Hooke.  The  theory  of  Hooke 
is  only  expressed  in  gei^eral  term^ ;  that  of  Lavoisier  is 
much  more  particular.  The  first  was  a  hypothesis  or 
fortunate  cmijecture  which  the  infant  state  of  the  science 
did  not  enable  him  to  verify  i  whereas  Lavoisier  wsf 
led  to  his  condusioos  by  accurate  experiments  and  a 
train  of  ingenious  ^nd  masterly  deductions. 
Theory  of  According  to  the  theory  of  Lavoi&ier^  which  is  now 
Lavoisier,  glipost  generally  received,  and  considered  by  chemists 
as  a  full  explanation  of  the  phenomena,  combustion 
consists  in  two  things  :  first,  a  decomposition  ;  second, 
a  combination.  The  oxygen  of  the  atmosphere  being 
in  the  state  of  gas,  is  combined  with  caloric  and  light* 
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Curing  cotnbnstion  this  gas  is  dtcomposed,  its  calorie  Chip.lt. 
md  ligbi  escape,  while  its  base  combinei  with  the  com- 
bnitible  and  forms  the  product.  This  product  is  iii' 
combustible  ;  because  its  base,  being  already  taturaied 
vnth  oxygen,  cannot  combine  with  any  more.  Such  is  a 
short  hiiioHcal  dcinil'Of  the  iiRprovements  gradually  in- 
Iroduced  into  this  interesting  part  of  the  science  of  che- 
mistry. Let  us  now  iak«  amon  [larticular  view  of  the 
subject. 

12.  By  combust ioti  is  meant  a  total  change  in  the 
nature  of  combustible  bodies,  accompanied  by  the  co- 
pious emission  of  heat  and  light.  Kvery  t^ieory  of 
combustion  must  account  for  these  two  things  ;  name- 
ly, the  change  which  'the  body  iindfTgoes,  and  the-emit- 
sion  of  heat  and  light  whith  accompanies  this  change. 

J3.  Mr  Lavoisier  explained  completely  the  first  of  D)(rcr<n« 
these  phenomena,  by  demonstrating,  that  in  all  cases  "*  ^^ 
osygeii  combines  wirii  the  burning  tody  ;  and  that  the  mfntaid 
substance  which  remains  behind,  ai'ter  combuslioH,  is 
the  compound  formed  of  the  ■combustible  body  Bnd 
oxygen.  But  he  did  not  succeed  so  well  in  accounting 
for  the  heat  and  the  light  which  are  evolved  during 
combustion.  Indeed  this  part  of  the  subject  was  in  a 
great  measure  overlooked  by  him.  The  combination 
of  oxygen  was  considered  as  the  important  and  essential 
part  of  the  process.  Hence  his  followers  considered  (he 
terms  oxygrnixernent  and  cojnbustiaa  as  synonymous  : 
but  this  was  improper  ;  because  oxygen  often  unites  to 
liadies  without  any  extrication  of  heat  or  light,  la  this 
uray  it  unites  to  azote,  muriatic  acid,  and  mercury  ; 
but  the  extrication  of  heat  and  light  is  considered  as  es- 
sential to  combustion  in  common  language.  The  union 
of  oxygen  without  that  exiiicalioa  it  very  diffcrevT 


Bfinkl.      from  Ksuoioa  whca  accompaaicd   bj  it*  boAh  b  4i 
2i!!!I^'   pheDQrDcnji  and  in  ibc  product ;    ihmy  ooght  Hm^m 

L  ID  be  disunguUhed.     I  cmplaj-  tbc  tevm  aemhttmk 

I  this  Work,  in  as  usual  accepwlon . 

lixScultT  IV   To  account  lot  ibe  emiuion  of  heat  ud  li|K 

Urniiyin  which  constiiuict »  pMt  of  «oiabu»U(m,  Mr  Lavoiia 
idtobl"  *>*•*  recoaric  to  ihe  theory  of  Dt  Crawford.  Jht  ku 
ftnd  the  liglit  was  combined  wiih  the  oxygen  g«,  td 
lepinted  Irom  it,  when  that  gas  united  to  the  conbU' 
tiblc  body.  But  this  cxpUnalionf  though  it  annrcn 
pretty  well  in  common  casei,  fails  altogeUin'  inoi^. 
licat  and  light  were  snpiiosed  to  be  combined  wiiliibc 
fucygen  gf  the  atmosphere,  becatuo  it  is  ia  a  pai^ 
State  ;  and  lo  Kpiiatc  from  it,  bccaase  it  low*  inp- 
scous  state.  But  a*  violent  combuniotu  take  place  «ki 
the  oKygea  employed  is  solid  or  liquid,  as  when  ititio 
the  state  of  a  gas.  Thus  if  nitric  acid  be  poured  uptc 
linseed  oil,  or  oil  of  turpentine,  a  very  rapid  comhu- 
tion  take*  place,  and  abundance  of  caloric  and  li^ii 
emitted.  Ucre  the  oxygen  farms  a  part  of  the  li^jSi 
nitric  acid,  and  is  already  combined  with  kzote ;  or,  ac- 
cording to  the  language  of  the  French  cbemisti,  tk 
axo:e  has  undergone  eombiulion.  Now,  in  this  cast, 
the  oxygen  is  not  on^  in  a  liquid  ttaie,  but  it  bwabo 
undergone  the  change  produced  by  raavfttrtMns.  Sv  tbst 
oxygen  is  capable  of  giving  out  caloric  and  Hglil,  tU, 
only  when  liquid,  but  cTcn  after  combustion  ;  wtakhb 
directly  contrary  to  the  theory. 

Tart  her:  Giupowder,  when  kindled,  boras  with] 
rapidity  in  close  vessels,  oi  under  an  exhmstcd 
yer.     This  substance  is  composed  of  nitre,  cbarcoilf 
and  sulphur :   the  two  last  of  whicb  iDgrcdinits  in 
combustible :  the  finl  supplies  the  oxygto,  b^»g  i 


isrcoil, 
lU  in 

J 


couau&iioM. 

pescd  of  nitric  acid  and  potash.     Here  the  oxygen  is     Chqt^D. 

not  only  already  combined  with  azote,  but  fornns  acotn- 

poiient  pan  of  a  solid  ;  yet  a  greater  quantity  of  caloric 

and  light  13  emitted  during  the  combuslion,  and  almoM 

the  whale  product  of  the  combusltou  is  in  the  &tate  of 

gas.     This  appears  doubly  inconusient  with  the  theo> 

ry  i  for  the  caloric  and  light  must  ba  supposed  to  bo 

emitted  from  a  solid   body  during  its  conversion  into 

gas,  which  ought  to  re^juire  moic  caloiic  and  light  for 

its  existence  in  the  gaseous  sute  than  the  solid  itself 

contained. 

15.  Mr  Brugoatelli,  the  celebrated  professor  of  che-  t 
inislry  at  Favia,  scenu  to  have  been  the  first  who  saw  ^, 
this  objection  in  its  proper  light*.  He  hasendcavouied 
to  obviate  it  in  the  following  manner  ;  According  to 
this  very  acute  philosopher,  the  substance  commonly 
called  exjrgeit  combines  with  bodies  to  two  states:  1. 
Retaining  the  greatest  part  of  the  caloric  and  ligbt  with 
which  it  is  combined  when  in  ihe  state  of  gas  i  2.  Af- 
ter having  let  go  all  the  caloric  and  light  with  which  it 
was  combined.  In  the  first  state  he  gives  it  the  nattie 
of  thrrmoxygen  i  in  the  second,  of  oxygen,  Thermoxy- 
gen  exists  as  a  component  part,  not  only  of  gaseous  bo- 
dies, but  also  of  several  liquids  and  solids.  It  is  only 
in  those  cases  where  thermoxygen  is  a  component  part 
of  liquids  or  solids  that  caloric  and  light  are  emitted. 
All  metnls,  according  to  him,  combine  with  thermoxy- 
gen i  ihose  substances,  on  the  contrary,  which  by  com* 


*  BcrthoUet,  in  a  noit  upon  ihii  puu)^  m  ihe  Crii  cditiM  «f  (bit 
World  infenu  ut  ihat  the  nibieet  bad  heea  Fianuned  kmf  brfore  the 
period  »*igBed  b  the  tax.    Spc  /mr  di  Wj/-  Ir.  l8>- 


ll 


^  boitmi  Jit  eon  verted  imocddty  cwuliihe  wtA  oiygn^ 
This  ingenious  theory  obrittss  the  obf ectton  comidete- 
fyy  provided  its  truth  tmht  tufshlistu'd  in  «  sMis(iKfi> 
Cy  oittiner.  But  ar  Ac  evidoioe  ibr-  it  rests  tbnost  cs* 
titelj  upon  its  ctmveaienee  in  CKpieimng  sevci-a!  difficnk 
poiBts  in  the  pbenomene  of  coiiioiistvso^  we  nmst  coo* 
fider  it  rstber  in  the  light  of  hi  ingeniooa  oonjectore 
thtti  as  •  theory  faUjr  esteblisfaed  f  •' 


Bo£ei4M-      M.  All  hodtes  in oilufe^  asCtf  ae  dodnhiistioQ b 
^^^^2|[^    oemed,  may  be  divided  into  tiuee  daaaea  ;  nomelyiJif- 

By  sMfporieri  I  mean  aobstaooaa  which  are  not  them- 


advesy  strictly  speaking,  capable  of  oadergoing  conins^ 
tiett  ;  but  their  presence  ia  abeoltely  neceasary,  in  or* 
der  that  this  process  msy  take  place.  Gosabestibki 
and  incombnstibles  reqaire  no  definition* 
Seppomn.  '  Oxygen  gas  ia  the  only  simpk  auppofter  known ;  bat 
when  incombustible  Indies  ate  united  to  oxygen,  ifacy 
also  become  supporters.  The  only  incombustible  bo- 
dies which  possess  this  property  are  azote  and  mnriatie 
acid  t*  It  was  this  singularity  which  induced  roe  to 
separate  these  two  substances  from  all  the  rest,  and 
place  them  among  the  simple  bodies.  The  first  of  these 
bodies  unites  witii  four  doses  of  oxygen,  the  secoad 
with  two.  Thus  we  have  one  simple  sopporfer  and 
six  compound ;  namely. 


•  Ann.  Je  CIuk.  XXK  l8l. 

t  The  reader  will  finJ  this  theory  very  fuUy  detailed  in  the  Jmrmi 
tie  Cbim'te  of  Van  Mons,  vols.  %A  and  3d.  I  avuid  entering  into  panioip 
hrs,  because  I  can  perceive  no  evidence  whatever  for  the  truth  of  moit 
of  the  anertions  which  con5>titute  thii  theory. 

t  Pethaps  mercury  might  be  added  to  this  lift.      I  have  failod  la  iQ 
mv  attempts  to  cauK  it  to  iindcrgo  combostioc.  ' 


P"^ 


-cowitrrnojr. 


«» 


'  I.  Oxygen  gas; 

2.  Air ; 

3.  Nitrous  oxide ; 

4.  Nitric  oxide  (mirotit  gai)  i 

5.  Nitric  acid  ; 
e.  Oxymuriaiic  tcid  ; 
1.  Hype  rosy  muriatic  acid. 

17.  The  conabusiibles  areof'lhree  kinds;  ramctf, 
simple,  compoun<f,  and  oxides.  The  simple  are  tin 
four  simple  combustibles  described  in  the  second  Chap- 
ter of  the  first  Division  of  this  Pan  i  and  the  whole,  or 
at  least  almost  the  whole  of  the  metals.  The  com- 
pound are  the  various  bodies  formed  by  the  union  of 
these  simple  substances  with  esch  other ;  most  of  which 
■re  denominated  bj  terms  ending  in  urtt,  as-ihesu|. 
phurets,  phosphurets,  carburets,  £cc.  ;  and  also  the  al- 
loys, and  some  other  compounds  tvhich  will  be  descri- 
bed hereafter.  The  combustible  oxides  consistof  coin<- 
binations  of  the  combustible  bodies,  or  their  compounda 
with  oxygen  withou'.  undergoing  combustion.  They 
are  very  numerous,  consliiuiing  the  greater  part  of  aai> 
nal  and  vegetable  substances. 

16.  During  combustion  the  oxygen  of  the  supporter  Frdducu, 
iUways  unites  with  the  combustible,  and  forms  with  it 
a  new  substance,  which  1  shall  call  a  product  of  comtius- 
tion.     Hence  the  reason  of  the  change  which  combusti- 
bles undergo  by  combustion,  as  has  been  sufficiently  de-  — 
monstrated   by  Lavoisier.     Now  it  descr\-es  attention,            3^ 
that  every  product  is  always   one  or  other  of  the  three            '  *^ 
following  substances:  1.  Water;  2.  An  acidi  3,  AiBe- 
tallic  oxide. 

IS.  Some  of  the  products  of  combustion  are  capabk   Partial  np- 
ff  combining  with  an  additional  dose  of  oxygen  ;  but  "^ 


temnn  or  caloric. 

this  combination  is  never  attended  with  th«  phsMaoi 
,    of  combustion,  and  the  product  bjr  means  of  ti  itc» 
verted  into  a  lappartir,     Tbii  u  the  ca>e  with  tcmi 
of  the  metallic  oxidci.    Such  cocnp<Miada  maj  be  oDd 
fartial  ittpporitrs,  ai  it  il  only  to  •  pert  of  die  DS^p 
which  thejr  contain  that  Uict"  «we  that  propeny.    Th 
following  oxides  ve  partial  suppoiters : 
1.  Peroxido  of  gold  \ 
It.  Peroxide  of  silrer ; 

3.  Red  oxide  Af  xataoxty  ; 

4.  Peroxide  of  mercury  \ 

5.  Peroxide  of^iroa  t 

0.  Red  and  brown  oxides  of  le^; 
'  1.  Peroxide  of  maogaaetc. 

Tbeac  bodies,  however,  never  altraot  vxj^ga  «uqi 
from  tupporlcrs, 

80.  Since  oxygen  is  capable  of  suppomo;  coabMria 
oely  when  in  the  supporters  and  partial  ■tppocMliX 
cannot  be  doubted  that  it  is  in  a  different  state  ta  dnt 
bodies  bom  the  state  in  which  it  exists  in  other  badin. 
Now  as  light  and  heat  are  alwa^  emitted  durii^  csb>> 
bustion,  but  never  when  oxygen  combines  withoatc«» 
bustion,  il  is  natural  to  suppose  that  the  oxygoi  it 
supporters  contains  either  Ibe  one  or  the  other  of  Acr 
bodies,  or  both  of  them ;  while  the  oxjgeq  of  adut 
bodies  wants  them  altogether. 
\  I  am  disposed  to  believe  that  the  oxjgen  afsappart- 
J.  ers  contains  only  caloric,  while  that  bodjr  in  odwr  eavs 
it  wanting,  or  at  least  not  preseu  in  safficicot  tjaaoDtf- 
My  reason  for  this  opinion  is,  thai  the  caloric  wfaidik 
evolved  during  combustion  ii  always  proponiona]  K 
Ac  quantity  of  oxygen  which  covbifiei  mjh  the  Jno- 
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fOg  body  ;  but  Ihu  11  hj  no  meant  the  rase  with  respect  _C>ip.li. 
to  light.  Thus  hjrdrogcn  combines  with  more  oxygen 
tfaftu  an/  other  body ;  aod  it  is  now  known,  thu  the 
heal  produced  by  the  combostioQ  of  hydrogen  if  great- 
er than  can  be  {uoduced  by  any  uber  method  ;  yet  the 
light  is  barely  perceptible. 

31>  Itvraslong  the  geaeral  opinion  of  chemists,  that  Combutt'- 
light  exists  in  a  fixed  state  in  all  combustible  bodies,  j 
The  discoveries  of  Lavoisier  induced  the  greater  o 
bet  of  them  to  give  up  this  opinion,  on  the  supposition 
that  combustion  could  be  explained  in  a  satisfactory 
manner  withotit  it.  Indeed  the  follotvers  of  that  itlus- 
trioua  philosopher  considered  it,  as  incambent  upon 
them  to  oppose  it  with  all  their  might )  because  the 
£xed  light,  which  had  been  supposed  to  conitimie  a 
part  of  combiUtibles,had  been  unibrtunatelydenominBted 
fhlogiicon  i  a  term  which  they  considered  as  inoompa- 
liblc  with  truth.  The  hTpothesis,  however,  was  occa- 
sionally revived  ;  £rst  by  Rtchier  and  Belameth«rie, 
mad  afterwards  in  a  more  formal  manner  byGren.  But 
little  attention  has  been  paid  to  it  in  this  eonntry  till 
lately.  The  very  curious  phenomena  observed  by  Mr 
Chenevix  in  bis  experiments  on  the  fayperoxy muriatic 
.acid,  induced  him  to  incline  to  the  same  opinion ;  and  I 
Mdeavoured  to  support  it  in  same  observations  on  com- 
Jbvition,  which  were  published  in  Nicholson's  Journal*. 


•  NIcholnn'i  Jnrrml,  1803,  p.  («.— Some  very  proper  nmuka  were 
aiade  upon  iheK  obwtviiiMii  li  mine  by  Mr  Porul,  >nd  Mttral  aljcc- 
tiOM,  which  MTIakUf  dcMTre  to  be  pvckulirif  caniiilfred.  In  prbKra- 
tiag  ihc  Mbjcet  htthcr,  I  hare  obuincd  Kunc  ting«lir  enougli  mulu. 
which  hive  indeed  rcowvcd  icvcial  ubjccttoni  tbat  had  octiurcd  (O  luc 
aifwculiarlylcinnidkUeiwhilEdiefluve  raised  in  thciiown  [oom  igKaUt 

aambcr  of  uhcn  wlith  I  coald  dm  )i»t  *iftt\fi. 


souxccs  OP  cjiXJ>Kie. 

That  ihc  light  exiiu  comhtned  with  the 
will  appeal  exceedingly  probable,  if  we  recoUea  ilM 
tbe  qnsouif  wbicb  appears  dnriDg  combauioad^adi 
alti>getbt:r  upon  the  comhiuiibte.  Phospborai  mt 
s  vast  quantity,  charcoal  a  smallrr,  aad  bydfago  ik 
sinallrst  of  all  i  yet  the  quantity-  of  oxygen  whidi  O*- 
bines  with  the  combusiible  during  these  procxnes  b 
grcaiett  in  tboie  caaei  where  the  light  ia  smallcaL  Bfr 
stdch,  the  colour  of  the  light  depends  in  all  cam  ojc* 
the  combustible  that  burnt  i  a  circamstaoce  which  toil 
scared}'  be  supposed  to  take  place  anless  the  Ugbiva 
separated  from  the  combniuble.  It  ia  well  kaaH, 
too,  ihfll  when  vegetables  are  made  to  grow  io  tbeiski 
no  oombuitible  subiiaaces  are  formed  in  them ;  the^ 
$cncc  of  light  being  abaolutcly  necesSJU'y-  for  the  famk 
tion  of  these  substances.  These  facts,  and  several  otbis 
which  might  be  enumerated,  give  a  considerable  dcgM 
«f  probability  to  ihc  opinion  that  light  cooititsttlt 
component  part  of  M  comhunible  substances ;  botth^ 
by  no  means  amount  to  a  ileciuve  pfoof :  nor  is^eil 
would  it  be  easy  to  answer  all  the  objections  vitiA 
might  be  started  against  thii  opinion.  At  tbe  n^ 
time,  it  will  be  allowed  that  none  of  these  objectioot  •» 
whitli  I  allude  amount  to  a  positive  proof  of  iHe  ilbe- 
hood  of  the  hypothesis.  It  is  always  a  proof  of  the^it 
Jlculiy  of  an  invesligaiion,  and  of  the  little  progfta 
which  has  been  made  in  it,  when  plausible  argutcaU 
can  be  brought  forward  on  both  sides  of  the  question. 

2i.  Were  we  to  suppose  that  the  oxygen  of  support- 
ers contains  caloric  as  a  component  part,  while  ctm* 
bustibles  contain  light,  il  would  not  be  difficult  to  ei- 
plain  what  takes  place  during  combustion.  The  com- 
pancnt' parts  of  the  oxygen  of  supporters  arc  iw«i 
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ii.anielf ,  j.  A  base  i  2.  Caloric :  The  componeat  pari*    ,  Ch«p,  li.^ 
of  combustibles  are  likewise  two :  namely,  1.  A  base ;  _;. 

2.  Light.  Curing  combustion  ibe  baie  of  the  oxygen 
combines  with  the  base  of  the  cotnbusublc,  and  ioims 
the  product ;  while  at  the  same  time  the  caloric  of  the 
oxygen  combines  with  the  light  of  the  combustible,  and 
the  compound  flies  off  in  the  form  of  fire.  Thus  com- 
bustion is  a  double  decomposition ;  the  oxygen  and  com- 
bustible divide  themselves  each  into  two  portioost  which 
combine  in  pairs  ;  the  one  compound  is  the  frodutt, 
and  the  other  the^r;  wliich  escapes. 

Hence  the  reason  thai  the  oxygen  of  products  ix  va^ 
fit  for  combusiion.  It  wants  its  caloric.  Hence  ibc 
reason  that  combustion  does  not  take  place  when  ojcy> 
gen  combines  wiih  products  or  with  the  base  of  sup- 
porters. These  bodies  contain  no  light.  The  caloric 
of  the  oxygen  of  course  is  not  separated,  and  no  firejp- 
pears.  And  this  oxygen  still  retaining  its  caloric,  isca- 
pabie  of  producing  combustion  whenever  a  body  is  pre- 
sented which  contains  light,  and  whose  base  has  an  affi- 
nity for  oxygen.  Ilcnce  also  the  reason  why  a  com- 
bustible alone  can  reistoie  comhiutibility  to  ihe  base  qf 
a  product.  In  all  such  cases  a  double  dc compos Jtiou 
takes  place.  The  oxygen  of  the  product  combines  with 
the  base  of  the  cotnbustible,  while  the  light  of  the  cOin- 
busiible  combines  .w|ith  tlie  base  of  the  product. 

23.  But  the  application  q£  this  theory  to  the  phcDo- 
rncna  of  combustion  is  so  obvious,  that  it  requires  no 
particular  rxplauatioi).  It  enables  us  to  explain,  with 
cq^ual  facility,  some  curious  phenomena  which  occur 
during  the  formation  of  the  sulphutets  and  phoiphu> 
rets.  Sulphur  and  phosphorus  combine  with  the  me- 
tals and  with  soiae  of  the  ewths.     The  rombinition  ia 


^  soexe«  or  CAzouiti. 

not  formed  wtifaout  the  usislitnce  of  hcai.  Thii  tod» 
.  (he  sulphtir  and  phoipfioms.  At  the  instant  of  Ha 
combiRBtion  with  the  nactallic  or  earth  boiet,  the  ton- 
pootid  becomes  solid,  and  at  the  vuse  time  tuddal; 
acquirei  a  strong  red  heat,  which  continues  Tot  Kot 
time.  In  thit  case  the  sulphur  nnd  phosphorus  aaife 
pnrt  of  a  supporter  ;  for  they  are  melted,  and  thcreTatt 
'conisin  a  great  deal  of  caloric :  the  metal  or  earth  us 
the  p^rt  of  a  combustible ;  for  both  contain  light  n  i 
coTopoacnt  part.  The  in&unt  of  combinatioo,  theiai- 
pbur  or  phosphorus  combines  with  the  metal  or  eanki 
■Khile  the  caloric  of  the  one,  uniting  to  the  light  of  ^ 
other,  files  olT  in  the  form  of  fire.  The  proceu  tlien- 
fore  nay  be  called  semicomhuition,  indicating  by  the 
term  that  it  possesses  precisely  one  halfof  the  chan& 
*eristic  marks  of  combustion. 

To  estimate  the  quantity  of  heat  evolved  durin|  th 
burning  of  different  combustibles  is  not  only  tmpoiusi 
in  a  philosophical  point  of  view,  but  of  considerable 
ronscquence  also  as  an  object  of  economy.  A  aci  of  a- 
periments  on  this  subject  was  made  by  Lavoisier  lod 
Laplace.  They  burnt  various  bodies  in  the  calorime- 
ter, and  estimated  the  beat  evolved  by  the  (juactityof 
ice  melted  in  each  experiment.  Dr  Crawford  made  a 
similar  set  of  experiments.  He  estimated  the  beat  e- 
volved  by  the  increase  of  temperature  which  the  water 
experienctd  with  which  he  contrived  to  surround  the 
burning  bodies  *.  A  still  more  numcroas  set  of  exp^ 
ttmcnts  has  been  made  by  Mr  Datton,  chjefiy  on  tht 
lieat  evolved  daring  the  combustion  of  gsaeous  bodies- 
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He  filled  a  bladder  capable  of  holding  30,000  grains  of  ,^^^ 
water  with  the  gas  :  this  bladder  was  fitted  with  a  stop^-' 
cock  and  a  pipe.  A  tinned  vessel  was  procured  capaU 
ble  of  holding  30,000  grains  of  water ;  the  specific 
heat  of  which  being  ascertained,  and  as  much  water  ad- 
ded as  made  the  specific  heat  of  both  ecjuivalent  to  that 
of  30,000  grains  of  water,  the  gas  was  squeezed  out  of  the 
bladder,  lighted,  and  the  extremity  of  the  flame  made  to 
plajr  upon  the  bottom  of  the  tinned  vessel*  The  quaotity 
of  heat  evolved  was  estimated  by  the  increase  of  tempera- 
ture produced  Upon  the  water  in  the  vessel  *•  The  foU 
lowing  Table  exhibits  the  result  of  all  these  e;xperi« 
ments,  estimating  the^heat  evolved  by  the  quantity  of  ice 
which  it  would  melt.  The  first  column  gives  the  sob- 
stance  burnt,  and  one  pound  weight  is  always  supposed 
to  be  consumed  ;  the  second,  the  weight  of  oxygen  id 
lbs.  which  unites  with  the  combustible  during  the  pro- 
cess ;  and  the  third  the  weight  of  ice  in  lbs.  which  wa? 
melted,  according  to  the  different  experimenters. 


*  Dakon't  Ntw  SysUm  ofChimitai  Plnt$fpby^  pb  76. 


V61.I.  Siq 


>■■•  4 


'•* 


S"- 


MMMly  S  mm 


Ice 


^■^ 


hydrofen 
ic  oxide  •••! 


wl0V    •••••••••••i 

oftafpeiitiw  ,..,M 
looboi  ••••#•••• 


0*5S 


r OMpuui  111  ••••••••••• 

ChirpcMl  Mat*********** 

Ctontdioac, I 


s 
r80 


M» 


i4s 


IQfO 


4t0 


80 
9^ 


W4»OT^^ 


€^ 


SS6 


m 


60 
40 


70 
49 


From  the  nature  of  Mr  l)altoii's  ezpenmeiBti^  Ae  » 
tultt  which  he  obtained  ttmt  be  wisTbidablj  rmdicr !» 
low»  as  a  portion  of  the  heat  wbnld  be  dissipated  bjrt- 
diation.  But  from  the  aimplicity  of  the  method,  aol 
the  facility  of  repetition  which  it  afforded,  there  isxci- 
aon  to  believe  that  the  errors  are  not  very  material. 

From  the  Table  it  appears,  that  much  more  heat  is 
eTolved  during  the  combustion  of  hydrogen  than  uty 
other  substance.  The  heat  evolved  is  not  proportiooil 
to  the  quantity  of  oxygen  which  combines  with  the 
combustible ;  a  fact  which  is  rather  hostile  to  the  sop* 
position  that  the  whole  of  the  heat  evolved  in  combos- 
tmi  is  furnished  by  the  oxygen^ 


ni.  Fekcdssiok. 

It  »  well  known  that  heat  is  produced  by  the  perctii^ 
sIoD  or  hard  bodies  against  euh  other.  When  a  piece 
of  iron  is  smardy  and  quickly  struck  with  a  hammer, 
it  becomes  red  hot ;  aad  the  production  of  sparks  bj 
the  colision  of  RiiiC  and  steel  is  too  familiar  a  fact  to  re- 
quire being menltoned.  Noheat,  however,  hasever  beea 
observed  (o  follow  the  percussion  of  liquidii,  nor  of  soft 
bodies  which  easily  yield  to  the  siroke, 

1-  This  evolution  of  caloric  by  percussion  seems  to   P««Mtioo 

producet 
be  the  consequence  of  3  permanent  or  temporary  con-   candcnMi 

densation  of  the  body  struck.  The  speciSc  gravity  of 
iron  before  hammering  is  TT88  j  after  being  hammer- 
ed, I'SIO:  Ihitof  platinum  before  hammering  is  19'50  ; 
after  it,  23-00. 

2.  NowcondensationseemsalwayB toevoJvecaloric;   Cdork 
at  least  this  is  the  case  in  those  bodies  in  which  we  can  ^l^aun'^ 
produce   a  remarkable  and    permanent  diminution  of  '''"' 
bolk.     When  muriatic  acid  gas  is  absorbed  by  v 
the  liquid  soon  rises  to  the  lemperatnre  of  100°  ;  and 
a  still  higher  temperature  is  produced  when  ammonia- 
cal  gas  and  muriatic  acid  gas  concrete  into  a  solid  sail. 
When  limestone  is  dtssoWed  in  sulphuric  acid,  a  consi- 
derable heat   is  produced,    noiwithslanding    the  great 
quantity  of  carbonic  acid  which  is  set  at  liberty.     And 
if  we  use  pure  lime  instead  of  limestone,  a  Tery  tiolent 
heat  Ukes  place.     Now  in  this  case   the  acid  and  th* 
water  which  it  contains  are   converted  partly  from  U* 
quids  to  solids,  and  the  bolk  ii  much  diminished^     Iti| 
known  also,  that  when  air  is  suddenly  condensed^  »thn« 
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mometer  surrounded  bj  it  rises  several  degrees  *•  Frm 
the  sui^enness  of  the  rise  in  this  case,  Mr  Daltoa  h» 
shown  that  a  much  greater  heat  is  evolved  than  is  indi- 
cated hy  the  thermometer.  From  his  ezperimeots  i 
follows,  that  when  air  is  suddenlj  condensed  to  b!f 
its  balky  its  temperature  is  raised  50  deg^reesf.  Tht 
same  change  takes  place  when  air  is  suddenlj  admitted 
into  a  vacuum.  It  can  scarcely  be  doubted  that  a  modi 
greater  rise  of  temperature  than  50  degrees  is  occasioned 
hj  the  condensation  of  air,  provided  the  fact  mentiooed 
bj  Mollet  be  precise,  that  a  small  bit  of  Unca,  rolkd 
^  up,  takes  fire  when  put  into  the  narrow  canal  in  wkidi 

^  the  lower  extremity  of  a  pump  for  condensing  air  g^ 

nerallj  terminates  t* 

'  On  the  other  band,  when  a  bodjr  is  suddenlj  rarefied^ 
its  temperature  is  lowered.  Mr  Dalton  has  sbom, 
that  by  pumping  the  air  out  of  a  receiver,  its  tempos 
ture  sinks  also  50^  ). 

3.  It  is  not  difficult  to  see  why  condensation  should 
occasion  the  evolution  of  caloric,  and  rarefaction  the 
contrary.  When  the  particles  of  a  body  are  forced 
nearer  each  other,  the  repulsive  power  of  the  caloric 
combined  with  them  is  increased,  and  consequently  a 
part  of  it  will  be  apt  to  fly  ofF.     Now,  after  a  bar  of 


And  why. 


•  Darwin,  Phif.  Traiu,  1788. 

f  Manchester  Memoirs  y  ▼.  515. 

\  Pictct,  Phil.  Mag.  xiv.  364. — Connected  with  thii  is  the  appeanscr 
of  a  small  light  in  the  air  which  surrounds  the  orifice  of  an  air-gun  wfca 
discharged  in  the  dark.  This  curious  phenomenon,  which  has  not  beec 
explained  in  a  sat.sfactory  manner,  was  first  obterved  by  Mr  Fletcher 
(Nicholson's  Jntrnal,  1803,  iv.  280.},  and  afterwards  by  Mr  Mellet 
See  P/.//.  Mag.  Ibid. 

^Manchester  Mem9irs,y,  5I5. 
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fcon  has  been  heated  by  ihe  hammer,  it  is  much  harder  Owp-  0._ 
Slid  britller  than  before.  It  must  then  have  become 
denser,  and  consequently  must  have  parted  with  calo- 
ric. It  i*  an  additional  confirmation  of  this,  that  the 
same  bar  cannot  he  healed  a  second  time  by  percussion 
until  it  has  been  exposed  for  some  lime  to  a  red  heat. 
It  is  too  brittle,  and  flies  to  pkces  under  the  bammer. 
Now  biriitleness  seems  in  most  cases  owing  to  the  ab- 
sence of  the  usual  quantity  of  caloric.  Glass  uaanneat- 
*d,  or,  which  is  the  same  thing,  that  has  been  cooled 
very  quickly,  is  always  extremely  brittle.  When  glass 
is  in  a  state  of  fusion,  there  is  a  vast  quantity  of  caloric 
accumulated  in  it,  the  repulsion  between  the  particles 
of  which  must  of  course  be  very  great  j  so  great  indeed, 
that  they  would  be  disposed  to  fly  off  in  every  direction 
with  inconceivable  velocity,  were  they  not  confined  by 
an  unusually  great  quantity  of  caloric  in  the  surround- 
ing bodies:  consequently  if  this  surrounding  caloric  be 
removed,  the  caloric  of  the  glass  flies  off"  at  once,  and 
more  caloric  will  leave  the  glass  than  otherwise  would 
leave  it,  because  the  velocity  of  the  particles  must  be 
greatly  increased.  Probably  then  Ihe  brittleness  of 
glass  is  owing  to  the  deficiency  of  caloric ;  and  we  can 
scarcely  doubt  that  the  brittleness  of  iron  is  owing  to 
tiM  tame  cause,  if  we  recollect  that  it  is  removed  by  the 
^application  of  new  caloric. 

4-  It  deserves  attention,  too,  that  condensation  dimi-    ConJenu- 
■  MJshes  the  specific  caloric  of  bodies.     After  one  of  the   niihoipcfK 
«I«y  pieces  used  in  Wedgewood's  thermometer  has  been    ""'  '"'°"'' 
heated  to   120°,  it  is  reduced  to  one  half  of  its  former 
bulk,  though  it  has  lost  only  two  grains  of  its  weight, 
sad  its  specific  caloric  is  at  the  same  lime  diminished  i 
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iiOoitcBi  or  eALoaic. 

pot  Ulird  ".  But  we  can  liirdly  cooDeive  tbe  iprak 
caloric  of  a  bod^  to  be  dimipi^tctf  wilhout  an  nolUM 
of  caloric  taking  place  at  the  same  ttaw. 

i.  Thne  observations  are  iufiictent  I0  explaio  idy 
cilorrc  IS  evolved  b_v  percuwort.  It  is  foioed  oatfiM 
tbe  particles  of  the  body  struck,  wilh  wbich  tt  w  j» 
meilj  combined,  fiui  a  part  of  tbe  caloric  wlitch  • 
evolved  afMr  percussion  often  originates  in  inite 
raaniicr.  hy  condensation,  as  nucfa  cmloric  is  enM 
as  is  su6icicnt  to  raise  the  temperature  of  senw  ot  tit 
particles  of  the  bodjr  high  enotigh  10  cnablr  it  in  «» 
bine  u'itli  the  osjgcn  of  llie  aimospbere.  Tbe  ttwht- 
nation  aclusU^  takes  place,  and  a  (treat  quaoiit;  of  d- 
ditional  caloric  Ja  separuted  by  the  dFCoroposilion  cf  ibi 
gas.  That  this  happens  d|iriiig  the  ceUiupn  of  ftm 
and  steel  cannot  be  <loubird  i  for  the  »parks  ptedDctd 
are  iDt;rtIy  small  pieces  of  iroa  tieued  red  hot  by  iii» 
ting  wiib  oxygen  during  ifaeir  pBuage  through  iht  u, 
ts  any  one  any  convince  himself  by  actually  cxaviD- 
ing  Ihem.  Mr  Hawkibee  +  and  others  have  ibocf^ 
that  iron  produces  no  sparks  to  the  vacuom  of  an  tir< 
pump  i  bui  Mr  Kirwan  afErros,  that  ihty  are  pradottj 
under  comtnon  spring  water. 

It  is  not  so  easy  to  account  for  the  cnisston  of  <alB> 
ric  on  the  percussion  of  two  iocombtisltbles.  in  lb 
last  Chapter,  mention  was  roadc  ol  the  light  cntitid 
during  the  percussiuo  of  (wo  stones  of  quuix,  lint, 
felspar,  or  any  other  equally  hard.  Caloric  h  aba 
emitted  during  this  percussion,  as  is  eTident  from  the 
whole  of  the  phenonienon.    Mr  T.  Wedgcwood  ibimd, 
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that  a  piece  o(  window-glass,  wbea  brought  in  contact  Chap-U.^ 
with  a  revolving  wheel  of  grit,  became  red  hot  at  tti 
point  of  contact,  and  gave  off  particles  which  set  fire  to 
gunpowder  and  to  hydxogea  gas*.  We  must  either 
suppose  that  all  the  caloric  is  produced  by  mere  con> 
^nsation,  which  is  not  probable,  or  acknowledge  that 
we  canuoi  explain  the  phenomenon.  This  is  almost  the 
onlj  instance  of  the  evolulion  of  caloric  and  light  where 
the  agency  of  oxygen  cannot  be  demonstraied  or  even 
rendered  probable. 

The  luminous  appearanae  which  follows  the  percus- 
sion of  certain  bodies  in  vacuo,  or  in  bodies  which  arc 
not  capable  of  supporting  combustion,  seems  to  be  cod> 
nected  with  electricity  ;  for  Mr  Davy  has  observed  that 
all  such  bodies  are  electrics.  They  are  frequently  also 
phosphorescent  ;  which  property  may  likewise  oentri- 
bute  to  tbe  effect  f. 


IV.  Friction". 


Caldkic  is  not  only  evolved  by  percussion,  but  also 
by  friction.  Fires  are  often  kindled  by  rubbing  pieces  friction, 
of  dry  wood  smartly  against  one  another.  It  is  well 
known  that  heavy-loaded  carls  sometimes  take  fire  by 
the  friction  between  the  axle-  tree  and  the  wheel.  Now  Not  owinj; 
in  what  manner  is  the  caloric  evolved  or  accumiilatcd  utian, 
by  friction  ?  Not  by  increasing  the  density  of  the  bo- 
dies rubbed  against  each  other,  as  happens  in  cases  of 
percussion ;  foe  heat  is  produced  by  rubbing  soft  bodies  | 
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hitnielf  hj  mbbiof  Ih 

Aia4    Itb  tnie,  indeclf^dnt  hefllisiMic  priitetdkf 

Ab  uicuoii  of  lifiiids  f  •  Mit  hMq  w^^  n  too  ylQOHp 

|brt»4»*    16  be  tobjected  to  ttraof  ftietion«    It  it-aot  owbf  li 

^fggji^  ^    Ac  specia<i  cuoiic  of  iho  raobod  wxhcs  oocicuBig  S  v « 

l^f^  Coont  KQinfoiu  loiind  tfaftt  tlwre  wn  no  iBMiMtiB* 

iicise*,  nor,  if  Aere  Were  ft  decraae,  would  h  lea( 

fcient  to  account  for  Ae  vftft  qonntitj  oEheftC  whkb  s 

potMtinct  produced  bjr'ndtioo« 

Count  Rnmford  took  ft  cuhob  cfttt  solid  ftnd  tm^ 
ftft  it  cftme  from  tbo  foundry ;  he  rnnicd  its  extreaitf 
to  be  cnt  off*  and  fiyrmcd,  in  Aat  {MUt,  m  solid  cjlinda 
ftttsched  to  Ae  cannon  7|  inches  ift  diftflseter  and  9^ 
inchea  long.    It  fonftined  joined  to  tbc  rest  of  the  me- 
jlftl  bj  ft  small  cyltndricftl  neck.    In  Ais  cjliader  a  b«k 
was  bored  3  7  inches  in  diameter  and   7*2  indies  is 
length.      Into  this  hole  was  put  a  blunt  steel  boitTp 
which  bj  means  of  horses  was  made  to   rub  against  its 
bottom  ;  at  the    same  time  a  small  hole  was  mtdt  m 
Ae  cylinder  perpendicular  to  the  bore,  and  ending  in 
the  solid  part  a  little  beyond  the  end  of  the  bore.     This 
Was  for  introducing  a  thermometer  to  measure  Ae  heat 
of  Ae  cylinder.      The  cylinder  was  wrapt  round  with 
flannel  to  keep  in  the  heat.     The  borer  pressed  against 
Ae  bottom  of  Ae  hole  with  a  force  equal  to  about 
10,000  lbs.  ayoirdupoisy  and  the  cylinder  was  turned 
round  at  the  rate  of '3  2  times  in  a  minute.     At  Ae  be- 
ginning of  Ae  experiment  Ae  temperature  of  the  cj* 
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Knder  was  00^  ;  at  the  end  of  30  minutes,  when  it  had 
made  960  revolutions,  its  temperature  was  130^.  The 
quantity  of  metallic  dust  or  scales  produced  bjthis  fric- 
tion amounted  to  837  grains.  Now,  if  we  were  to  sup- 
pose that  all  the  caloric  was  evolved  from  these  scales, 
as  they  amounted  to  just  ^^  P*^  ^^  *^  cylinder,  they 
^  must  have  given  out  948®  to  raise  the  cylinder  1®,  and 
consequently  6G360®  to  raise  it  70®  or  to  130®,  which 
is  certainly  incredible  *• 

Neither  is  the  caloric  evolved  during  friction  owing  Nor  t* 
to  the  combination  of  oitygen  with  the  bodies  them-  ^ion  i 
selves,  or  any  part  of  them.  By  means  of  m  piece  of 
clock-work,  Mr  Pictet  made  small  cups  (fixed  on  the 
axis  of  one  of  the  wheels),  to  move  round  with  consi- 
derable rapidity,  and  he  made  various  substances  rub 
against  the  outsides  of  these  cups,  while  the  bulb  of  a 
very  delicate  thermometer  placed  within  them  marked 
the  heat  produced.  The  whole  machine  was  of  a  size 
sufficiently  small  to  be  introduced  into  the  receiver  of 
an  air-pump.  By  means  of  this  machine  a  piece  of  a- 
damantine  spar  was  made  to  rub  against  a  steel  cup  in 
air  :  sparks  were  produced  in  great  abundance  during 
the  whole  time,  but  the  thermometer  did  not  rise.  The 
same  experiment  was  repeated  in  the  exhausted  recei- 
ver of  an  air-pump  (the  manometer  standing  at  four 
lines)  ;  no  sparks  were  produced,  but  a  kind  of  phos- 
phoric light  was  visible  in  the  dark.  The  thermometer 
did  not  rise.  A  piece  of  hfSLSs  being  made  to  rub  in 
the  same  manner  against  a  much  smaller  brass  cup  in 
air,  the  thermometer  (which  almost  filled  the  cup)  rose 
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f^S^tAollUaat  b^l»  «w  tin  dM  fiklinvi 
Tin  tbom  w  tbai  theLJp^ilpi  jf ■dowi  Jhi  tbt 
fhtrf thtcdodcMit  w»iiiili«i>    ladMi 

IPBVIFW  It  MfUi  to  ntfi^M  JBMNBt  tBB 

and  nte  in  all  i'9^^    WlMiiaUtoCii 
^  ^ nb agaast the bmi^aip milM  aiTt tl 
asae  ta^  aad  oft  ■ohttitMiiag  aha  •  wpodaocof  km 
9*1%  and  in  tha  HhmMtd  caoahrcr  a*4%aBdiB  ikoi- 
danted  to  l|  atmoipherca  it  loae  0*5^  *• 
9jpu,4f  tbaae  ea|ieriiBcnls  be  not  diooflia  cttadoam^  IkM 
*  aihcffa  to  telatet  whiah  arill.not  kcve  a  doubt  Umih 
.|Mt  imdnaed  bj  friction  b  not  cmmncted  with  At  4e> 
aomposittoo  of  Qijgan  gas.   Co«itKuiBfiMdoonimd» 
^ritkbis  nsnal  iogemuqr»  to  iocloae  the  cylinder  ibm 
jifrirribi*  in  a  wooden  ban  filled  with  water,  which  cf- 
featnallj  cKclnded  all  airy  aa  the  cylinder  itaelf  aadlk 
borer  were  snrxonodcd  with  water,  and  at  the  tame  Me 
did  not  imfieda  the  motian  of  the  instruiiienf.     The 
quantity  of  water  amounted  to  16*7llbs.  avoirdopoi% 
and  at  the  beginning  of  the  experiment  was  at  the  tem- 
perature of  60^.     After  the  cjlindcr  had  revolTed  for 
an  hour  at  the  rate  of  32  times  in  a  minute,  the  tempe- 
rature of  the  water  was  107°  ;  in  30  minutes  more  it 
was  118^  ;  and  in  two  hours  and  30  minutes  after  tbe 
experiment  began^  the  ^  ater  actually  boUtd*    According 
to  the  computation  of  Count  Rumford,  the  caloric  po- 
dnced  would  have  been  sufficient  to  heat  26' 56  lbs.  a* 
voirdupois  of  ice  cold  water  boiling  hot  ;  and  it  would 
have  required  nine  waz*candles  of  amoderate  size,  ban- 
iDg  with  a  clear  flame  all  the  time  the  experiment  lait* 
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cd  to  fatre  prodaced  as  much  he^t.     In  this  experiment     Chap.  ii. 
all  access  of  water  into  the  hole  of  the  cyhnder  where 
the  friclioo  took  place  was  prevented.     But  in  another 
cxpeciment,  the  result  of  which  was  precisely  the  same, 
the  water  was  allowed  free  access  *. 

The  caloric,  then,  which  appears  in  consequence  of  And<cnse- 
friction,  is  neither  produced  by  an  increase  of  the  den*  [,rr«ntiii. 
sity,  nor  by  an  alteration  in  the  specific  caloric  of  the  "pli"W<- 
substances  exposed  to  friction,  nor  is  it  owing  to  the  de- 
composition of  the  oxygen  of  the  atmosphere — Whence 
then  is  it  derived?  This  question  cannot  at  present  be 
answered:  but  this  is  no  reason  for  concluding,  with 
Count  Rumford,  that  there  is  no  such  substance  as  ca- 
loric at  all,  but  that  it  is  merely  a  peculiar  iind  ofmv 
eion  ,-  because  the  facts  mentioned  in  the  preceding  part 
of  this  Chapter  demonstrate  the  existence  of  caloric  ai 
a  substance.  Were  it  possible  to  prove  that  the  a 
mulation  of  caloric  by  friction  is  incompatible  with  it( 
being  a  substance,  in  that  case  Count  Rumford's  conclu- 
sion would  be  a  fair  one ;  but  this  surely  has  not  been 
done.  We  arc  certainly  not  yet  sufficiently  acquainted 
with  the  taws  of  the  motion  of  caloric,  to  be  able  to  af- 
firm with  certainty  that  friction  cannot  cause  it  to  aca 
eumulate  in  the  bodies  cubbed.  This  we  know  at  least 
to  be  the  case  with  electricity.  Nobody  has  been  hi. 
thcrto  able  to  demonstrate  in  what  manner  it  is  sccu- 
mulated  by  frictioo  ;  and  yet  this  has  not  been  thought 
a  sufficient  reason  to  deny  its  existence. 

Indeed  there  seems  to  be  a  very  close  analogy  be 
twecu  caloric  and  electric  matter.      Both  of  them  tend 
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1^ duwm HiiiHUT'vci  C([iiHNF#.,b0tli  hk  umid  nlite o^ 
4faip  both  of  them  ^  flMMB^ 
WttbottiUe  tnbstflloes*  '  MF Achsnl  hss  pfoftd^  ttit 
gftmridty  can  be  subelitMid  te  caloric  even  mAm 
^'      eitet  where  its  aginicj  naattrpeeiiliitlf  ncccimy;  fv 


.1      * ^'-^ht tonttdf  that bj^  coCMamtjeni^lTiDg m ceitiiaqia* 
•mi  tity  of  the  electric  flnidy  egg>  ccwM  oe  lietchcd  jiitv  | 

.-fc's^it  '  Allien  they  are  kept  at  thetempemntc  of  lOS^  M 
CDCwetit  indeed  preveeted  wMf  ditcKeiia  froin  aetadif 
.  fiadogout;  bat  thejr  were  Conned  end  fivingy  and  viA* 
in  two  dayi  of  berating  thohr  ahell.  JQectricirf  h»  tl> 
^  ft  great  deal  of  infloenee  oil  the  henting  and  eoobf 
of  bodies.  Mr  Kdet  exbaoMd  a  glaaa  globe^'ihe  » 
pmtj  of  which  waa  1200*199^^oifiic  inchea,  till  the  m^ 
lionaeter  witfiin  it  stood  at  I'^tS  linea.  la  the  nidlk 
of  this  globe  wu  suspended  a  thermofoeter,  wbkh 
Ittog  from  the  top  of  a  f^ass  cod  fixed  4t  the  botloaisf 
the  globe,  and  going  almost  to  its  top.  Opposite  folk 
bulb  of  this  thermometer  two  lighted  candles  were  pb- 
cedy  the  rays  of  which,  bj  means  of  two  concave  mir- 
rors, were  concentrated  on  the  bulb.  The  candles  sod 
the  globe  were  placed  on  the  same  board,  which  was 
supported  by  a  non-conductor  of  electricity.  Two  feel 
and  a  half  from  the  globe  there  was  an  electrifying  ma- 
chine, which  communicated  with  a  brass  ring  at  the 
mouth  of  the  globe  by  means  of  a  metallic  conductor. 
This  machine  was  kept  working  during  the  whole  time 
of  the  experiment;  and  consequently  a  quantity  of  elec* 
trie  matter  was  constantly  passing  into  the  globe,  whicby 
in  the  language  of  Pictet,  formed  an  atmosphere  notcfr* 
ly  within  it,  but  at  some  distance  round,  as  was  evident 
from  the  imperfect  manner  in  which  the  candles  bumed« 
When  the  experiment  began,  the  thcnnometer  stood  at 
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49'8°.    It  rose  to  70*2"  in  732".    The  same  experiment     ch«p.n. 
was  repeated,  but  no  el<rctnc  matter  thrown  in ;  the  tbcr-  .    — - 

roometerrosefrom49"B°to  70-2°  ia  1050" ;  so  that  the 
electricity  hastened  the  heating  alojott  a  third.  Id  the 
first  experiment  the  thermometer  rose  only  to  ll'3'',but 
in  the  second  it  rose  to  77°.  This  diiferencc  was  doubt- 
less owing  to  the  candles  burning  better  in  the  second 
that!  the  first  experiment ;  for  in  other  two  experiments 
made  exactly  in  the  same  manner,  the  maximum  was 
equal  both  when  there  was  and  was  not  electric  matter 
present.  These  experiments  were  repeated  with  thil 
difference,  that  the  candles  were  now  insulated,  by  pla- 
cing their  candlesticks  in  vessels  of  varnished  glass.  The 
thermometer  rose  in  the  electrical  vacuum  from  SZ'Z' 
to  747"  in  1050"  ;  in  the  simple  vacuum  in  965".  In 
the  electrical  vacuum  the  thermometer  rose  to  77'  ;  in 
the  simple  vacuum  to  86*'.  It  follows  from  these  ex- 
periments, that  when  the  globe  and  the  candles  com- 
municated with  each  other,  electricity  hastened  ihe  heat- 
ing of  the  thermometer;  but  that  when  ihey  were  in- 
sulated separately,  it  retarded  it  *.  One  would  be  apt 
to  suspect  the  agency  of  electricity  in  the  foUowiog  ex- 
periment of  Mr  Pictet :  into  one  of  the  brass  cups  for- 
merly described,  a  small  quantity  of  cotton  was  put  to 
prevent  the  bulb  of  the  thermometer  from  being  broken. 
As  the  cup  turned  round,  two  or  three  fibres  of  the 
cotton  rubbed  against  the  bulb,  and  without  any  other 
friction  the  thermometer  rose  five  or  six  degrees.  A 
greater  quantity  of  cotton  being  made  to  rub  against 
the  bulb,  the  thermometer  rose  15''  +. 
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m  dM  hMtiog  of  MtiH» 
^|IBI  it  cmflojoA  w  iw 

oniltriEbgift  largnaftod  thafeUio  aStaH 
odori^  dots  itaoli»all  pnbolbilicj' 
loric  as  Witt  •■  att  odwr  Mioft  ?  HaoiTMl 
to  ooomnoloio  to  ott  bodios  br  frirtiint^  whftthar 
lort  or  Boo-coadnctora  I  M§j  it  oat  fhmk  bo 
luad  ia  thoio  bodioi  wUoh  an  rabhad  agaiMt 
tber  f  or,  if  thoy  aw  goo*  caadnatai^  auqrjtaol|aa 
throogb  dwaa  dttriag  tba  MaMB  m  graat  qaaatilMii 
Maj  it  flot  partariih  toaoB'ofita calorie  ao  tfaaia  boibib 
akhcr  oo  aocoaat  of  tbair  voeaiar  aflbiicT  or  ao&ie  adai 
aaiue?  and  aiay  aot  this  bo  Iha  aonaoo  of  tho  calsBf 
iriuah  appears  doriaf  firictioo  ^ 


V.  MmvRE. 

It  is  well  known  thai  in  a  vast  oomber  of  case%  whcs 

two  substances  enter  into  a  chenBioal  anion,  a  chmge 

ICsiMi      ^^  temperature  takes  place.    In  Some  instances  the  mix* 

f?!*'vw«*  tore  becomes  colder  than  before^  while  in  others  it  be* 
ptfimre*  ' 

comes  much  hotter.  In  the  third  dirision  of  the  pre- 
ceding Section,  a  very  copioas  list  has  been  given  of  the 
first  set  of  mixtures.  It  remains  for  <is  to  consider  the 
nature  of  the  second  set,  and  to  endeavour^  if  possfak^ 
to  ascertain  the  cause  of  the  change  of  lemperatare^ 
Water ct-  ^*  '^  deserves  particular  attention,  that  Water  coDsd«* 

tutes  an  essential  part  of  almost  all  mixtures  in  which  a 
change  of  temperature  takes  place.    The  naost  remark* 
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able  exceptions  to  this  rule  are  some  of  the  gaseous  bo- 
dies^ which  when  united  lagecher  constitute  a  solid  body, 
at  immoniacal  and  muriatic  acid  gases.  At  the  instant 
of  anion  a  very  considerable  heat  is  evolved.  But  cve& 
these  gaseous  bodies  contain  a  considerable  proportion 
of  water,  which  in  all  probability  contributes  not  a  Utile 
to  the  effect. 

2.  In  many  cases  the  particular  change  of  tempera- 
ture which  is  produced  by  mixture  depends  upon  the 
proportion  of  water  previously  combined  with  one  of 
the  ingredients  ;  for  the  same  ingredients  are  capable 
either  of  producing  heat  or  cold  according  to  that  pro- 
portion. It  has  been  ascertained  by  the  experiments  of 
Mr  Lowilz  and  Mr  Walker,  that  when  salts  which  con- 
tain a  great  deal  of  water  in  their  composition,  as  tar- 
h<maU  ofioda,  sulphate  of  soda,  muriate  of  iitnf,  &c.  are 
dissolved  in  water,  the  temperature  sinks  considerably  -, 
and  the  fall  is  proportional  to  the  rapidity  of  the  solu- 
tion. But  when  the  same  salts,  previously  deprived  of 
their  water  by  exposure  to  heat,  are  dissolved,  the  tem- 
perature of  the  mixture  rises  considerably. 

3.  It  may  be  laid  down  »s  a  rule  lo  which  there  is  no 
exception,  that  when  the  compound  formed  by  the  u- 
nion  of  two  bodies  is  more  fiuid  or  dense  than  the  mean 
fluidity  or  density  of  the  two  bodies  before  mixture,  then 
the  temperature  sinks;  but  when  the  fluidity  or  the  den- 
sity of  the  new  compound  is  less  than  That  of  the  two  bo- 
dies before  mixture,  the  temperature  rises ;  and  the  rise 
is  pretty  nearly  proportional  lo  ihe  difference,  Thus 
when  snow  and  common  salt  are  mixed  together,  they 
gradually  melt,  and  assume  the  form  of  a  liquid.  Cu- 
ring the  whole  process  of  melting,  the  temperature  con- 
(iaues  at  zero  or  Jowet ;  but  whenever  the  aolutioo  is 
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ihe  ptapor- 
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ooiDplelod^  tte  teniMKtmt  tbes*'  Ob  dw  oAcr  iitfl^ 
.whaa  ipiritt  and  water  «•  li^bbod  together,  a  coidtm- 
lioB  tak«a  filace  I'Imt  tho.  ■pwifii  gfaTitjr  ia  greater  An 
jliaipaaai  AccoriiiigIjUiamiiUttgcbeoo«aahol>Wha 
Iboc  parta  of  sulphuric.,  add  aad.ose  psrt  of  waler  v 
miBBd  feather,  tbe  doodtj  u  ^vy  niadi  iocreaaed  i  i& 
cordingly  the  temperature  of  the  muttore  aoddca^  i> 
jaatopboutsoo''. 

4.  We  now  ate  the  leaaoo  whj  tbooe  aalta  wUdk 

iDoatain  water  in  aboodaaee  produce  cold  during  Aa 

'*'  aolntioii:  the  water,  whik  it  cooatitnted  a  part  o( 

them,  was  in  a  solid  stata ;  but  when  the  aah  is  difloL 

ired,  it  beoomes  liquid.  Sinpa  these  aalta^  if  they  be  d» 

.prived  of  thdr  water,  produce  heat  daring  their  sqIb' 

tioop  it  cannot  be  doubted  that  the  water,  before  itda- 

aolves  them,  combines  first  with  them,  ao  as  to  Soait 

,aolid,  or  at  least  a  solutioB  of  considerably  greater  dca» 

sitj. 

^^^12^^         5*  Whenever  water  is  solidified,  a  considerable  pro- 

ckwofwa-    portion  of  heat  is  evolved.      Hence  the  reason  tbatt 

beat.  great  deal  of  heat  is  produced  by  sprinkling  water  upos 

quicklime.     A  portion  of  the  water  combines  with  the 

lime,  and  forms  with  it  a  dry  powder  totally  destitate 

of  fluidity.    For  the  same  reason  heat  is  produced  when 

quicklime  is  thrown  into  sulphuric  acid. 

]3^P^Q^  on       6.  The  whole  of  these  phenomena,  and  likewise  the 

UtcDt  heat    evolution  of  heat  during  putrefaction  and  fermenution, 

are  sufficiently  explained  by  Dr  Black's  theory  of  latent 

•  -^    :]^at.     Fluidity,  in  all  cases,  is  produced  by  the  combi* 

nation  of  caloric  with. the  body  that   becomes  fluid. 

Hence  a  auxture,  when  it  becomes  fluid,  piust  absorb  ca^ 

loric  i  which  is  the  same  as  saying  that  it  must  produce 

cold.     On  the  other  hand,  wheo  a  fluid  body  becomes 


miztuke;  6ffl 

sblldi  heat  must  be  evolved ;  because  a  fluid  can  cinly   ^Ckip.  if.- 
become  solid  bjr  parting  with  its  caloric  of  fluidity.  But 
the  application  of  the  theory  to  all  cases  of  changes  in 
temperature  bj  mixture  is  so  obvious,  that  it  is  quite 
unnecessary  to  give  any  farther  illustration. 

7.  In  most  combinations  which  evolve  heat  or  cold^ 
a  change  takes  place  in  the  specific  caloric  of  the  bo* 
dies  combined.  To  this  change  Dr  Irvine  ascribed 
the  whole  of  the  heat  or  cold  evolved.  Though  he  ap- 
pears to  me  to  have  carried  this  doctrine  too  far,  the 
change  must  doubtless  be  allowed  to  have  considerable 
ttkcu  . 

Such  is  the  present  state  of  odr  knowledge  respecting 
the  sources  of  caloric,  one  of  the  most  interesting  parts 
of  the  science.  It  is  perhaps  the  most  intricate  part 
also.  Hence  the  doubt  and  tuicertainty  in  which  it  is 
still  invQlved^  notwithstanding  the  industry  and  abili^ 
ties  which  have  been  employed  in  clearing  them  up.  It 
deserves  attention^  that  the  sources  of  light  and  heat  arer 
exactly  the  same ;  and  that  these  two  bodies  aSect  il« 
i^ays  to  accompany  one  another^ 
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^Vk  htve  now  finished  the  examination  of  both  M^ 
aurns  of  Sitnpk  Bodies-  Their  number  mmoontato  St 
Bnt  all  the  sobiCMMes  which  ihiitiHi  httve  Mt  yel  si^ 
cieded  in  deoompoiuidifig  m  by  OD  nifne  ia«lidsiai 
tins  first  Book.  Eleran  aMtdfit  subiUuioeo  ham  hm 
OBiitted  fop  reasons  lbrta<dyiyisifiid|  mm!  tbHO«ret«o 
acids  bekides^  withtiiebMM^lrtiidl  wttmieoolj^te- 
qnainted*  So  that  the  number  of  undeeomponndcd  bo- 
dies at  present  known  amounts  to  about  50. 

The  37  simple  substances^  in  the  order  in  which  I 
hare  described  them^  are  all  concerned  in  combusnoD, 
and  contribute  to  explain  it.  The  knowledge  of  their 
properties  is  necessary  to  understand  that  complicated 
process ;  and  considered  in  this  point  of  view,  tbej 
constitute  a  beautiful  whole^  which  has  much  more  of 
scientific  arrangement  than  anj  other  part  of  chemisttj 
is  yet  capable  of  assuming.  Let  us  consider  them  a  lit* 
tie  in  that  point  of  view. 

Oxygen  is  capable  of  uniting  with  all  the  other  sim- 
ple confinable  bodies,  and  it  unites  with  them  all  in  dif- 
ferent proportions.  With  the  simple  incombustible  bo* 
dies  it  unites  without  the  extrication  of  heat  or  light  ^ 
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and  th  ew  compounds  sre  all  suppotUrs  of  c(iinbns>  < 
tioQ-  With  the  aiiDple  combustibles  ii  unites,  and  Ihe 
uaion  is  urcampanied  by  the  estricatioa  of  beat  and 
iight ;  and  the  compounds  arc  products  of  combustion. 
-  With  the  metaJs  tl  unites  both  with  and  without  ihceic- 
tricaiion  of  heat  and  light,  and  iwo  classes  of  compounds 
arc  formed ;  namely,  producii  and  supporters.  The 
•iinple  u»confinablc  bodies  are  always  extricated  during 
combustion.  Thus  camhuHUn  is  occasioned  by  the 
Biutual  action  of  the  simple  cdnRnable  bodies  on  each 
oiher  ;  and  the  consequence  of  this  action  is  the  extri- 
cation of  the  simple  unconfmablc  bodies. 

It  deserves  attention,  ihat  the  metals  and  simple  com-  ^ 
bustibles  approach  each  other  by  insensible  degrees  in  fi 
their  propcflies.  Thus  the difl'er«nce  between  the  pro- 
perties of  arsenic  and  sulphur  is  by  no  means  so  great 
as  between  those  of  arsenic  and  gold  :  they  might  there- 
fore, without  any  great  impropriciy,  be  rettuctd  under 
one  class.  In  that  case  we  would  have  the  whole  con- 
finable  bodies  divided  into  three  sets;  namely,  I.  Sup- 
porters ;  2.  Combustibles ;  and,  3.  Incom bustibles. 
The  union  of  ihe  first  and  second  constitutes  products  j 
of  the  Urst  and  third  supporters. 

Such  is  the  present  Rate  of  our  knowledge  of  simple 
substances.  But  it  will  be  worth  while  to  lake  a  view 
of  the  theories  of  the  ancients,  the  various  modiGcaiions 
which  they  underwent,  and  the  steps  by  which  chemists 
have  been  gradually  led  to  the  opinions  at  present  re- 
ceived. 

It  seems  to  have  been  an  opinion  esiabl)s)ied  among    ElemrnT»o( 
philosophers  in  the  remotest  ages,  that  ti  ere  arc  ooiy    '    "**"""• 
four  simple  bodies  :  namely,jf>-f,  air,  water,  nnd  eatlb. 
To  these  they  gave  ihe  name  of  tlementi,    bi:cause  Ihey 
Rr  2 


gq^  t?    Mierci  fhtt  ill  nbsmiices  are  oompoted  of  Aett  Cm 
^  This  opinioa,  Tvioiuljr  aiodiiel  indeed^  was  ouintiii* 

ad  bf  all  the  aarinl  philoieplwn.  We  now  know  M 
all  these  supposed  demfwts  aracoosponiida  tJBnt  iscosn 
possd  of  caloric  and  light}  mt  of  oicygen  and  sioik* 
gases ;  water  of  ojjgco  aad  •hjdrogeD  $  and  M9ii,m 
will  appear  afterwards,  of  oino  dtflfermt  aubftaoces. 
BoBcnitoff  The  doctrine  of  the  fbor  cloaieBts  aeema  to  hatpe  c«»i 
U|gBi7^  tinned  undisputed  till  the  time  of  the  alchj  mists.  Tliea 
men  having  made  tbemsehres  much  better  acqaaioki 
with  tb^  soaiysis  of  bodies  than  the  ancient  philoio* 
pbers  bad  been,  soon  perceived  that  the  common  doctriM 
was  inadequate  to  explain  all  the  appearances  windi 
were  familiar  to  them*  Thtj  substituted  a  theorjef 
their  own  in  its  place.  According  ro  rhen,  there  nc 
three  elements,  of  which  all  bodies  arr  composed;  namer 
ly,  raUy  sulplmr^  and  mercury^  which  they  dtatingnitbed 
by  the  appellation  of  the  triafmm^*  These  principki 
were  adopted  by  succeeding  writers,  particularlj  hj 
Paracelsus,  who  added  two  more  to  their  number 
namely,  phlegm  and  cafut  mortuum. 

It  is  not  easy  to  say  what  the  alchy mists  meant  by 
salt  J  sulphury  and  mercury :  probably  they  had  affixed 
no  precise  meaning  to  the  words.  Every  thing  which 
is  fixed  in  the  fire  they  seem  to  have  called  taltf  eveiy 
inflammable  substance  they  called  sulphur^  and  every 
'  substance  which  flies  off  without  burning  was  mercury. 
Accordingly  they  tell  us,  that  all  bodies  may  by  fire  be 
decomposed  into  these  three  principles  ;  the  salt  re- 
mains behind  fixed,  the  sulphur  takes  fire,  and  the  mer* 
cufy  flics  of  in  the  form  of  smoke.  The  phlegm  and 
caput  mortuum  of  Paracelsus  were  the  water  and  earth 
of  the  ancient  philosophers. 
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Mr  Boyle  attacked  this  hypothesis  in  his  Sceptical  Chap.ni. 
Chemist,  and  in  several  of  his  other  publications  ;  proved 
ttiBt  the  chemists  comprehended  under  each  of  the  terms 
salt,  sulphur,  mercury,  phlegm,  and  earth,  substances  of 
very  different  properties  ;  that  there  is  no  proof  that  all 
bodies  are  composed  of  these  principles  ;  and  that  these 
principles  themselves  are  not  elements  but  compounds. 
The  refutation  of  Mr  Boyle  was  so  complete,  that  the 
hypothesis  of  the  tria  prima  seems  to  have  been  almost 
inmediately  abandoned  by  all  parties. 

Meanwhile  a  very  different  hypothesis  was  proposed  Altered  by 
by  Beccher  in  his  Pbynca  Subterranea  ;  a  hypothesis 
to  which  we  are  indebted  for  the  present  state  of  the 
science,  because  he  first  pointed  out  chemical  analysis  as 
the  true  method  of  ascertaining  ihe  elements  of  bodies. 
According  to  him,  all  terrestrial  bodies  are  composed  of 
WBter,  air,  and  three  tartbi  s  namely,  the  fusible,  the 
injiammahle  or  itilpburtous,  and  the  mercurial.  The 
three  earths,  combined  in  nearly  equal  proportions, 
compose  the  metals  ;  when  the  proportion  of  mercurial 
earth  is  very  small,  they  compose  stones  ;  when  the  fu- 
sible predominates,  the  resulting  compounds  are  the 
precious  stones  i  when  the  sulphureous  predomlaates, 
■nd  the  fusible  is  deiicicnt,  the  compounds  are  the  co- 
lorific earths ;  fusible  earth  and  water  compose  a  uni- 
versal acid,  very  much  resembling  sulphuric  acid,  from 
which  all  other  acids  derive  their  acidity  ;  water,  fu- 
sible earth,  and  mercurial  earth,  constitute  common  salt; 
sulphureous  earth  and  fh«  universal  acid  fonn  sul. 
pfaur. 

Stahl  modified  the  theory  of  Beccbcr  considerably.    Aad  S 
He  seems  to  have  admitted  the  universal  acid  as  an  ele- 
ment i  tlie  mercurial  earth  he  at  last  discarded  ^Itogc- 


siuriE  sopris 

titer  *  tnd  to  ihc  Buljjhureoui  earth  he  90Bwtunti|n 
i'  the  D«inc  Qt  fhJegisUn,  KQinetioics  ot  ttitr.  Eatlblhl 
cuniidercd  uol  ijiffoi'eui  kiod^  but  coBUintngiUian 
tMo  clement  cillc'i  *anh.  So  that*  cccordug  l»  ti^ 
there  arc  five  •.-iemcnit,  air,  water,  phlogittoB,e«1b,tb 
uoivcrul  acid.  He  tpc^ki  tooof  heat  sitd  light  ^  bai 
is  iKit  dear  wtiai  liift  opinion  was  respectiog  ihrm> 

buhl's  theory  wat  graduslJy  n)0(lifi»i  b;  iucctt&{ 
chemUts.  The  univi^rsal  acid  was  Uciilj  ditcaidr^Mi 
the  diiferi-nl  knowa  acidfc  nerc  ccuisidcred  aiiofOUt 
IU)dcci>iii(>oitcd,  or  tioipte  substances;  the  different  cttihi 
wt-Tc  dialtiiguished  iiom  each  oiJier,  and  all  the  nent 
lie  calccH  iffere  considered  as  distinct  Mibstanccs-  ft 
tliesc  changes  chemittry  was  chiefly  indebted  to  Bog- 
nan.  While  the  Fiench  and  German  cliemiui  «<n 
occupied  u'iih  theories  about  the  universal  add,  lbs 
■llnstvious  philosopher,  and  his  immortal  friend  and  trk 
low  Ubotirer  Scheelc,  loudly  pioclaimed  the  aieuitj 
of  considering  every  undtcompowd  body  as  naiplc 
tin  tt  has  been  deconipou-d,  and  of  OUtinguiihiDg  tU 
tho«c  tubstancei  from  each  other  which  possess  diirinct 
properiies.  Thete  cautions,  and  ihc  consequeat  tr- 
nuigement  of  chemical  bodies  into  distinct  cIbmc*  bj 
Bcigman,  soon  attracted  aitentioilt  and  were  at  Usi  U> 
cilly  seceded  to. 

Thus  the  elements  of  Stahl  verc  io  hct  banishtii 
frani  the  science  of  chemistry  {  and  in  place  of  then 
■Tcre  substituted  a  great  number  of  bodies,  which  mtn 
considered  as  simple,  because  ihey  had  not  been  ins- 
lysed.  Tliese  were  phlogiiion,  acid>,  alkalies,  cntbi, 
net-illic  calces,  water,  and  oxygen.  Die  roles  au- 
blisi'cd  by  B'Tgman  and  Scheele  art-  still  followed  ;  Ut 
lubscqucot  discoveries  have  shown,  that  most  of  the 
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I  hodicswhich  they  considered  assimplearecompounds;     C^i^P  'J'-^ 
i    while  several  of  their  compounds  are  now  placed  among 
I    umple    bodies,   because  the  belief  in  the  existence  of 
phlogiston,  which  they  considered  as  a  component  part 
of  these  bodies,  is  now  given  up. 

As  the  term  simple  auhstance  in  chemistry  means  no-  Pf"a>l 
{^ing  more  than  a  body  whose  component  parts  are  un- 
known, it  cannot  be  doubted  that,  as  the  science  advan. 
ces  towards  perfection,  many  of  those  bodies  which  we 
consider  at  present  as  simple  will  be  decomposed  ;  and 
most  probably  a  new  set  of  simple  bodies  will  come  in- 
to view,  of  which  we  are  at  present  ignorant.  These 
may  be  decomposed  in  their  turn,  and  new  simple  bo- 
dies discovered  ;  till  at  last,  when  the  science  reaches 
the  highest  point  of  perfection,  those  really  simple  and 
elementary  bodies  will  come  into  view,  of  which  all  sub- 
stances are  ultimately  composed.  When  this  happens 
(if  it  be  not  above  the  reach  of  the  human  intellect),  the 
number  of  simple  substances  will  probably  be  much 
smaller  than  at  present.  Indeed,  it  has  been  the  opi- 
nion of  many  distinguished  philosophers  in  all  ages, 
that  there  is  only  one  kind  of  mailer  ^  and  that  the  dif- 
ference which  we  perceive  between  bodies  depends  up- 
on varieties  in  the  figure,  size,  and  density  of  the  pri- 
mary atoms  when  grouped  together.  This  opinion  was 
adopted  by  Newlon  ;  and  Boscovich  has  built  upon  it  an 
exceedingly  ingenious  and  instructive  theory.  But  rhe 
full  demonstration  of  this  theory  is  perhaps  beyond  the 
utmost  stretch  of  human  sagacity. 


END    OF    VOLtJME    FIRST. 


Ml 


INDEX 


The  Numerals  denote  the  Volume — the  Figures  the  Page. 


AcANTICONE,  iv.  245 

Acetates,  iii.  59 
Acetic  acid,  ii.  278»  and  v.  817 
in  animals,  v.  490 
Acetous  acid,  ii.  278 
Acid  products,  ii.  175 
supporters,  ii.  227 
Acids,  ii.  169 

colorific,  ii.  360 
combustible,  ii.  275 
freezing  of,  i.  521 
in  plants,  iv.  638 
in  animals,  v.  487 
weight  of,  iii.  633 
Acidum  pingue  et  causticum, 

ii.26 
Actinolite,  iv.  332 
Adamantine  spar,  iv.  230, 231 
Adipocire,  v.  667 
Adularia,  iv.  287 
Adepts,  i.  5 

Aerated  alkaline  water,  ii.  215 
.  Aerial  acid,  ii.  208 
I£jR,  I  267 
\£tites,  iv.  450 
Affinity  explained,  i.  28,  and 
ill  414 

homogeneous,  iii.  428 
heterogeneous,  ibid, 
tables  of,  iii.  684 
Agaric  mineral,  iv.  344 
Agaricus  piperatus,  v.  290 
Air,  iv.  6 

whether  a  chemical  com- 
pound, iiL  459 
Vol.  I. 


Air,  how  reduced  to  a  given 

density,  iv.  21 
Alalite,  iv.  215 
Albumen,  v.  25,  441 

uncoagulatcd,  v.  44? 
coagulated,  v.  452 
Alburnum,  v.  308 
Alchymists,  i.  5 ' 
Alcohol,   i.  312,  ii.  409  and 
iii.  548 

action,  on  solids,  iii. 

589 
of  sulphur,  i.  94 
unites  with  all  vege- 
table acids,  V.  826 
Alcyonium,  v.  518 
Algaroth  powder  of,  i.  315 
Alkali,  affinities  of,  iii.  65Q 
aluminated,  ii.  83 
fixed,  ii.  22 
fossil,  ii.  39 
mineral,  ibid, 
phlogjsticated,  ii.  367 
Prussian,  ii.  365 
silicated,  ii.  100 
vegetable,  ii.  27 
volatile,  ii.  4 
Alkalies,  ii.  3,  and  v.  805 
in  animals,  v.  492 
in  plants,  v.  158 
AlkaUnity,  ii.  108 
Alloys,  i.  144 

table  of,  i.  399 
Alluvial  formations,  iv.  572 
Almonds,  v.  266 
Aloes,  V.  229 

Ss 


634 


IKDSX, 


Alum,  iL  670 

burnt,  ii.  672 
cubic,  ii.  674* 
earth,  iv.  387 
slate,  iv.  303 
stone,  iv.  300 
Alumina,  iL  78 

acetate  of,  iii.  66 
arscniatc,  iii.  50 
benzoate,  liL  71 
l^orate,  ii.  617 
camphorate,  iiL  80 
carbonate  of,  iL654 
fluate,  iL607 
gelatinous,  ii.  80 
malate,  iiL  111 
mellate,  iiL  90,  and 

iv.  374 
muriate,  iL  590 
native,  vL  295 
nitrate,  iii.  26 
oxalate,  iiL  84 
phosphate,  ii.  631 
{Jiosphite,  ii.  637 
saccokte,  iii.  108 
soap,  iii.  405 
soluble   in  alkalies, 

iL  83 
spongy,  ii.  80 
suberate,  iiL  114 
succinate,  iiL  73 
sulphate,  ii.  669 
sulphite,  iii.  8 
supergallate,  iiL  1 16 
supersulphate,ii.670 
tartrate,  iii.  100 
tungstate,  iii.  56 
urate,  iii.  109 
Alumimn,  ii.  87 
Amalgam,  i.  144,  182 

of  silver,  iv.  412 
Amber,  iv.  384,  and  v.  108 
salt  of,  ii.  297 
varnish,  v.  110 
Ambergris,  v.  480 


Amethyst,  it.  251 

Aniiaothua,  iv.  330 

Ammonia^  L  110,  u.  5»  ai 

V.  794 
acetate  of^  iiL  6S 
action  of  potMoi 

on,  V.  800^ 
aneniale  oC  £  tt 
aurate  of^n.  11 
benxoate,  m.  70 
boiate,  iL  615 
camphorate,  EH 
<:aibonate,  iL  fiK 
cilrate,  iiL  lOS^ 
^ifWfflTft  fnrHttj?  II 
fluate  of^iLCOS 
gallate,  iiL  115 
hydroMilphivd,  i 

379 
hyperaxgnaGranate^ 

42 
fcnmiate,  iiL  US 
malate,  iiL  110 
mellate,  iiL  90 
molybdate,  iiL  5S 
moroxylate,  iiL  75 
muriate,  iL  579 
nitrate,  iiL  17 
oxalate,  iiL  84 
phosphate,  iL  62S 
phosphite,  iL  636 
prussiate,  iiL  118 
saccolate,  iii.  106 
soap  of,  iiL  403 
subcarbonate,  ii.  M 
suberate,  iii.  113 
succinate,  iiL  72 
sulphate,  ii.  663 
sulphite,  iiL  15 
tartrate,  iii.  95 
tungstate,  iiL  55 
urate,  iiL  109 
Ammoniac,  v.  142 

vitnolated,  iL  66S 
fixedt  iL584 


^^^^            'tmsx.                           fiSS                J 

nmonttrum,  ii.  ^56 

Antimony,  muriate,  iii.  909                        ^M 

nmonium,  ii.  18 

native,  iv.  488                            ■ 

nnioa,  liquor  uf,  v.  612 

nitrate,  iii.  309                             ^M 

human,  ibid. 

ochre,  iv.  491                               B 

of'cowD,  V.  615 

ores  of,  iv.  487                             H 

naiotic  acid,  v.  489 

oxalate,  iii.  312                            H 

nphJbole,  iv.  312 

«xi(le9  0t;i.  314                            ■ 

nphi^ne,  iv.  219 

phosphate,  iii.  311                       B 

lygdaloiil,  iv.  .556 

aalts  of,  iii.  308                              H 

alcinic,  iv.  277 

succinate,  iii.  312                         ^ 

atosc,  iv.  522 

sulphate,  iii.  310                           H 

atto,  V.  267 

sulphite,  ibid.                                ■ 

daJusite,  iv.  286 

tartrate,  iii,  313                          ^M 

dreolite,  iv.  278 

hjdrlte,  iv.  365 

Aols,  acid  of,  il  347                          ^^^H 

imal   substances,    v.  4S0, 

^^^H 

<48 

Apatite,                                               ^^^H 

imalB,  V.  428 

v.  845                                  ^^^^H 

decomposing  of,   v. 

Apophyllite,  iv.  293                           ^^^H 

758 

Apuluni,       57                                  '^^^^^H 

functions  of,  V.  698 

A(]uu  fortis,  ii.  229                             ^^^^H 

parts  of,  V.  496 

regta,  ii.  236  and  253                          ^M 

imc,  V.  95 

Aquila  alba,  iii.  173                                         ■ 

nealing,  ii.  563 

mitigata,  ibid.                                       ^M 

thracite,  iv.  392 

Arcaiiitni  dupticatum,  ii.  659                          ^| 

limonial  silver  ore,  iv.  401 

tartan,  iii.  59                                 ■ 

sulphuret  of  sil- 

Archil, v.  283                                                   ■ 

ver,  iv.  4(>t 

Arctizite,  ir.  292                                              H 

timonj-,  i.  312 

Arendatc,  iv.  245                                             ^| 

acetate  of,  iii.  S12 

Ai^entine,  iv.  349                                       H 

allojn  of,  i.  320, 

flowers  of  antimo-                      ^H 

336,  S70.  375 

ay.  i.  314                                   V 

arseniate,  iii.  313 

Argentum  vivnin,  t.  172                                  jM 

Argil,  ii.  79                                                      ^ 

1>orat«,iii.  311 

Argillaceous  iron  ore,  iv.  449                          J 

butter,  iii.  310 

Argillite,  iv.  305                                    ^^^1 

carbonate,  iii.  311 

Arnica  niontana.  v.  237                 .    ^^^^H 

fluate,  ibid. 

ArragoDite,  iv.  350                             ^^^^H 

glass  of,  i.  318 

Arscniatcs,  iii.  46                                ^^^^H 

^K       grey  ore  of,  iv.  5 1 4 

Arsenic,  i.  325                                      ^^^H 

acetate,  iii.  322                                ^H 

^P          392 

acid,i.329,andil.263                         ■ 

H      liverof,  i.  318 

allop,  i.  333                           ^^^M 

H      molybdate.iii.  313 

arscniaie,  ibid.                   ^^^^M 

L 

'^^^M 

Ancnic,  benzoate  oT,  iii.  3SS 
boreu-.  ibifl. 
buu?r,  iii.  Sifl 
flaat«,  iii.  S22 
l^droaulphurct,   iiL 

SS5 
muriate,  iii.  S30 
Dative,  iv.  497 
ii.trate,  iii.  320 
ores,  iv.  ViS 
oxalate,  iii.  322 
oxides  of,  {.  S27 
phwptiHte,  iii.  SSI 
■ah^  of,  iii.  319 
sulphate,  ibid, 
lartraic,  iii.  322 
white,  i.  327 
Anenicol  hydrogen,  i.  330 

pyritw,  iv,  +97 
Araenioua  acid,  i.  327 
Araenitcs,  iii.  Al 
Aaafoctida,  v.  I  iS 
Aabestus,  iv.  329 
Aapar^iD,  iv.  C75 
A^araguB,  V.  228 

Htone,  iv.  358 
Asplialt,  ii-  505 
Aasimilniion,  v.  "US 
AUnosphere,  iv.  2 

as  fooJof  piantfi, 

T.  312 
changes   in    tlie 
weight   of,    ir. 
41 
composition     of. 


temperature  of, 

iv.  31 
unkt 


Atropa  bell  ail  onim,  ■ 

AttrocttOD  oxplainei] 

viective,  i 


Aubter,  V.  508 
Aupitc,  tv.  215 
Auriferous  silver,  iv.  Ml 
AuripigmeDlinii,  iv.  tys 
Auruni  grBgihicuio,  n.  19* 
mus  i  vtim,  iDiiskum,  cr 
tnosoicum,  i.  ^ 

pftradoxicuin,  it.  tilt 
Austrum,  ii.  57 
Automalile,  iv.  233 
Axcstone,  iv.  S26 
Axrnite,  iv.  2+7 
.\zote,  i.  1 CH 

at  tempts  to  decompH, 
i.  112 

given  out  b>  |)laD[i,t 
1*58 

oxides  of,  ii.  I.Tt 

from  cbarctwl,  1. 1&- 
Aiolic  pas,  i.  lot 
Asotites,  ii.  158 
Asure  de  cuivre,  iv.  4°S 
Auirlte,  Iv.  281 


B^ais  ruby,  iv.  225 
Balm  ofGilcad,  v.  J 19 
Balsam  of  Canada,  r.  93 
of  Peru,  V.  12* 
of  sulphur,  n.  483 
,  of  Tolu,  V.  122 
Balsams,  v.  1  is 

liquid,  r.  119 
solid,  V.  127 
Baltic,  iv.  14'! 
Bahieum  regale,  L  320 
Barilla,  ii.  39  and  643 
BariuiD,  ii.  72 
Bark,  v.  210 


bodies 

Barley,  v.  250 

+ 

Barm,  v.  393 

229 

Barometer,  variationsof.i'.il 

i.  28 

range,  iv.  43 

42S 

Baroseleaite,  iv.  368 
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Barote,  ii.  66 
Barras,  v.  92 
Sarytes,  iL  65 

acetate  of,  lii.  65 
arseiiiate,  iii.  50 
benzoate,  iii.  71 
borate,  ii.  617 
camphorate,  iii.  79 
carbon.'.t€,ii.  652,and 

iv.  :'>67 
chromate,  iii.  57 
citrate.  liL  104 
fluatf ,  ii.  609 
gallari?,  iii.  115 
hydrosulphuret,     iii. 

376 
hyperox3anuriate|  iii. 

4S 
malate,  iii.  110 
mellatc,  iiL  90 
muriate,  iL  587 
nitrate,  iii.  22 
oxalate,  iii.  87 
phosphate,  ii.  630 
phosphite,  ii.  638 
prussiate,  iii.  117 
saccolate,  iii.  108 
BCbate,  ibid, 
suberate,  iii.  114* 
auccinate,  iii  73 
sulphate,  ii.  681,  and 

iv.  368 
sulphite,  iii.  7 
tartrate,  iii.  99 
tungstate,  iii.  56 
urate,  iii.  109 
water,  ii.  68 

Basanofi,  iv.  256 

Basalt,  iv.  314? 

Basaltine,  octahedral,  iv.  215 

Bdellium,  v.  149 

Bean,  v.  259 

Bee,  venom  of,  v.  620 

Beer,  v.  898 

Bell  metal,  i.  868 


Benzoates,  iii.  69. 
Benzoic  acid,  ii.  289,  and  v. 

821 
plants  contain- 
ing,   iv.  643 
in   animals^    t. 
488 
Benzoin,  v.  127 

flowers  of,  ii.  289 
Beryl,  iv.  240 

shorlous,  iv.  241 
Bezoardic  acid,  iL  331 
Bczoars,  v.  662 
BilcUtein,  iv.  323 
Bile,  V.  5S4 

of  tishes,  V.  590 
fowls,  ibid, 
iinman,  v.  591 
the  sow,  ▼.  590 
use  of,  V.  712 
Biliary  calculi,  v.  665 
Birdlime,  v.  78 
Bismuth,  i.  304 

^oys  of,  L  308,322, 

336,  369,  375 
acetflte  of,  iii.  306 
orseniate,  iii.  307 
benzoate,  iiL  306 
borate,  iii.  305 
butter,  iii.  304 
carbonate,  iii.  305 
fluate,  ibid, 
magistery,  iiL  SOS 
nolybdate,  iii.  308 
muriate  iii.  304 
native,  iv.  484 
nitrate,  iii.  302 
ochre,  iv.  487 
ores,  iv.  484 
oxalate,  iii.  307 
oxides  of,  i.  306 
phosphat'*,  i'li.  SOS 
•salts  of,  iii.  302 
succinate,  iiL  306 
indphate,  iiL  SOt 


«w 
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Bimuth,  sulphite  df,  uL  305 

Uitrale,  UL  307 
Bitter  principle,  v.  31 

iecond  species,  v.  34 
third  species,  v.  36 
Bittern,  ii.  665 
Bitter  spar,  iv.  353 
Bitumens,  ii.  502  and  504* 
Bituminous  oils,  iL  502 

marl  slate,  iv.  355 
Black  cobalt  ore,  iv.  505 
copper  ore,  iv.  424 
iron  ore,  iv.  447 
jack,  iv.  478 
lead,  i.  225 
lead  ore,  iv.  471 
ore  of  antimony,  iv.  490 
ore  of  manganese,  iv. 

510 
ore  of  tellurium,  iv.  495 
poplar  resin,  v.  99 
Blende,  iv.  478 
Blight,  V.  293 
^    Bli^rs,  liquor  of,  v.  696 
Blood,  V,  555 

effect  of  different  gases 

on,  V.  732 
how  altered  by  respira- 
tion, V.  736 
uses  of,  V.  748 
of  the  fcEtus,  V.  563 
Blowpipe,  iv.  197 
Blue  iron  earth,  iv,  456 
lead  ore,  iv.  466 
flowers,  v.  231 
Bog-iron  ore,  iv.  451 
Boiling  explained,  i.  534 
Bole,  iv.  320 
Boletus  igniarius,  v.  287 

hiricis,  V.  2S6 
Bombic  acid,  v.  491 
Bones,  V.  4-98 

fossil,  V.  506 
Ikiracic  acid,  ii.  221  and  v.  81 2 
J3oracitey  iv.  373 


Boracium,  v.  773 

Borates,  iL611 

Borax,  ii.  221  and  618,  wd 

iv.  580 
Borboniom,  iL  57 
Botany  B^  resin,  ▼.  96 
Boumonite,  it.  467 
Boyle,  fuming  liquor  of,  i  9 
Brainy  y.  537 
Brandy,  ii.  410 
Brass,  i.  2679  <uid  i.  295 
Brazil  wood,  v.  206 
Bread,  v.  389 
Brewing,  v.  402,  409 
Breezes,  sea  and  land,  vt,  9S 
Bricks,  ii.  540 
BrnnstDne,  L  79 
Brionia  alba,  v.  197 
Brittle  silver  ore,  iv.  404 
Bronze,  i.  267 
Bronzite,  v.  846 
Brown  cobalt  ore,  iv.  506 

iron  ore,  iv.  445 

ore  of  titanium,  iv.534 

spar,  iv.  352 
Buffy  coat  of  blood,  v.  564- 
Bulbs,  V.  272 
Buntkupfererz,  iv.  419 
Butter,  V.  567 

of  wax,  V.  63 


Cadmia,  i.  285 

Calaguala,  v.  196 

Calamine,  iv.  481 

Calcareous  acid,  ii.  20S 

Calces,  metallic,  i.  134 

Calchantum,  iii.  223 

Calcium,  ii.  59 

Calcsinter,  iv.  348 

Calctuff,  iv.  348 

Calculi,  biliary,  v.  665 
urinary,  v.  669 
arranged,  v.  67S 


^P                                                                       039            ^1 

.    Calculi,  BolveaU  for.  v.  685 

Carbonic  acid,  in   the  atmo-                ^^M 

'.                 of  inferior  animal^v. 

sphere,  iv.  31                  ^M 

;■                        687 

in  animals,  t.      ^^^^H 

^^^^M 

abaorbed      by    ^^^H 

1      Caloric,  i.  423 

plants,  V.  351    ^^^^H 

emitted        by       ^^^^^H 

5+6 

plants,  V.365              '  ^M 

effects  of;  i.  486 

oxide,  i.  59,  and  ii.                   "^1 

eacape  from  surfaces, 

141                                              ■ 

i.435 

Carbonous  oxide,  ii.  138                           ^M 

how  conducted,  i.45S 

Carburet,  what,  i.  112                              ^H 

l8t«nt,  i.  531 

ofiron,  i.  225                            ^1 

motion  of,  i.  435 

nature  of,  i.  424 

49,  and  iii.  481,  540                               ^M 

ofevapoTution,  1.540 
of  fluidity,  i.  531 

azotic  gas.  i.  Ill                     ■ 

Carica  papaya,  v.  26                                   ^M 

quantity  in  bodies,  i. 

Camelian,  iv.  258                                       ^M 

547  and  564 

Caromel,  iv.  660                                         H 

radiation  of,  i.  439 

Carthamus,  v.  233                                     ^H 

sources  of,  i.  5B2 

Carrying  power,  what,  i.  463      ^^^^H 

specific,  i.  548 

Cartilage,  v.  503                     .    ^^^^^M 

table  of,  i.558 

CaHcic                                       , ,  ^^^^^H 

;^riracter,  i.  555 

Cassava,  iv.  709                            ^^^^^^| 

pphor,  V.  66 

Cassius,  precipitateof,  iii.  137    .^^^^^H 

artificial,  v.  74 

Cast                                              ^^^^^H 

oU  of,  y.  71 

484                               ^^^^H 

lnphorate«,  iii.  75 

Cat'B  eye,  iv.  266                         ^^^^H 

mphoric  acid,  ii.  302 

Catechu,  ii.  391                         ^^^^M 

■    Cancer,  matter  of,  y.  694 

extractive  of,  v.  47                  ^^M 

Ciuinon  metal,  i.  267 

Caustic,  ii.  28                                           ^H 

Caoutchouc,  V.  131 

Celestine,  iv.  371                                    ^H 

muieral,  ii.  567 

Cementation,  i.  243                .     ^^^H 

Capacity  lor  heat,  i.  550 

Cerate,  v.  61 

^^H 

Caranna,  v.  149 

Ceritc,  iv.  528 

Carat,  i.  156 

Cerium,  i.  383 

^^H 

Carbon,  i.  38,  and  v.  768 

salts  of,  iii.  351 

Austin's  theory  of  ib 

ores  of,  iv.  628 

^^^^^H 

component    parts. 

Cerumen  of  Uie  ear,  v.  592 

^^H 

i.  53 

Cerusi',  iii-  269 

oxides  of.  ii.  137 

Ceylanite,  iv;  285 

^^^^^1 

Carbonates,  ii.  639 

Chabasie,  iv.  278 

^^^H 

uses  of,  ii.  657 

Chalcedony,  iv.  257                  ^^^^H 

Carbonic  acid,  i.  42,  ii.  207, 

Chalcolite,  iv.                          ,  ^^^^H 

and  iii.  51)0 

344                          ^^^^M 

m 


Chalk,  btabki  fTi-9M  *•     • 

ninf^fV^  !▼•  9441 

Chalk  ttonei,  ▼.  70S 
Charcoal,  u  S8»  u.  1S8»  S65» 
and  in.  531 

common,  ul  138 
prq>ared,  ii.  139 
twospectesof,  iLlSS 
mineral,  hr.  393 
compotkion  o^   iL 

140 
gas  from,  L  GS 
action  on  gum,  it. 

688 
proportion    yielded 
by  dtfierent  trees, 
▼.  175 
Chemiftiy,  definition  o(  L  3 
origin  of,  i.  4 
ai  a  science,  L  11 
objedii.  15 
Cheese,  ▼.  571 
Chert,  iv.  354 
Chiastolite,  iv.  %9 
Chlorite,  iv.  309 
Ch  "olite,  ii.  609,  and  iv.  375 
Chrome  ochre,  iv.  513 
ChroMiatcs,  iii.  57,  luid  v.  813 
Ch;   iiiicacid,ii.271andv.813 
Chioiiiium,  i.  352 

ores  of,  iv.  512 
8alt8  of,  iii.  337 
Chyle,  V.  710 
CJi'Mie,  V.  700 
Ch'  t'soberyl,  iv.  211 
ChrysocoIIa,  ii.  613 
Chrysolite,  iv.  212 
Chrysopal,  iv.  21 1 
Chr  suphrase,  iv.  265 
Cinolite,  iv.  321 
Cincliona.  v.  212 
Ciniiabar,  i.  179 

native,  iv.  413 
Cinnamon,  v.  222 


CtimaiiHwi  atone,  it.  910 
CialBc- flddde,  ▼.  677 
Citratea,  iiL  101 
Ckrie  add,  iL  320 

plants  eontni^ 

iv.  641 
fomied  fiuDgai^ 
ir.685 
Cnret,  ▼•  4R5 
Clay,  IT.  995 

common,  rr.  296 
iron-alone,  IT.  449 
potters,  IT.  297 
dlnte,  IT.  298,905,511 
stone,  IT.  998 
Ciink-stone,  fv.  S15 
Clouds,  IT.  79 
ClnlMnoas,  t.  269 
ClyssuB,  iii  15 
Coal,  iL  510 

brown,  iL  510^  nd  k 

386    ' 
black,  iL  510,  ind  k 

S88 
glance,  iL  512,  W.  S9I 
cannel,  iv.  389 
earth,  iv.  387 
slate,  iv.  389 
Cobalt,  i.  338 

alloys  of;  i.  843 
acetate,  iii.  327 
arseniate,  iii.  328 
borate,  iii.  StTT 
carbonate,  ibid, 
fluate,  ibid, 
muriate,  iii.  324 
nitrate,  ibid, 
ores,  iv.  502 
oxalate,  iii.  32S 
oxides  of,  i.  340 
phosphate,  iii.  327 
salts  of,  iii.  322 
soap,  iii.  406 
sulphate,  iiL  826 
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Cobalt,  tartrate  of,  iii.  328 
Cobalt  ore,  black,  iv.  504 
broHTi,  iv.  506 
grey,  iv.  504? 
red,  iv.  507 
white,  iv.  503 
yellow,  iv.  506 
Coccolite,  iv.  214? 
Coco,  V.  '265 
CoilLe,  V.  262 
Coiicsiou,  iii.  594 
Coin,  gold,  i.  212 
silver,  i.  214 
Colcothar  of  vitriol,  iii.  225 
Cold,  i.  574 

Colour,  i.  414  and  iv.  184 
Coluinbates,  iii.  58 
Colunibic  acid,  ii.  273 
Coluiiibite,  iv.  526 
Colunibium,  i.  381,  and  v.  791 
suite  off  iii  349 
muriiite,  iii.  350 
nitrate,  ibid. 
phosphate,iii.351 
sulphate,  iiL  350 
ores  of,  iv.  526 
Combination,  iii.  645 
Combinations  by  heat,  iii.  472 
spontaneous,  iii. 
467 
Combustibles,  iv.  382 

simple,  i.  30 
compound,    ii. 

408 
analysis  of,  iv. 
600 
Combustion,  i.  588 

opinions  relative 

to,  i.  589 
Lavoisier's  theo- 
ry of,  i.  596 
explanation  of,  i. 
602 
Compounds,  ii.  1 

primary,  ii.  llg 


Compounds,  secondary,  ii«  5 17 
Concretions,  morbid,  v.  658 
Conductors  of  caloric,  i.  462 
Conlinable  bodies,  i.  18 
Congelation,  term  of,  iv.  63 
Contagion,  iv.  37 
Cooling,  i.  436 
Cooling  powers  of  gases,  i^77 
Copaiva,  v.  120 
Copal,  V.  100 
Copper,  i.  204 

acetate  of,  iii.  207 
alloys  of,  i.  211,  249, 
255,266,282,295, 
310,321,385,352, 
.       .      368,  375 

arseniated,  iii.  £12; 

and  iv.  431 
azure,  iv.  428 
benzoate,  iii.  209 
borate,  iii.  206 
carbonate,    iii.   205, 

and  iv.  428 
citrate,  iii.  210 
chromate,  iii.  216 
emerald,  iv.  427 
fiuate,  iii.  206 
glance,  iv.  418 

hyperoxymuriate,  iiL 

196 
lactate,  iii.  211 
mellate,  iit.  210 
mica,  iv.  431 
molybdate,  iii.  216 
muriated,  iiL  197,  and 

iv.  433 
native,  iv.  418 
nickel,  iv.  460 
nitrate,  iii.  195 
ores  of,  iv.  417 
oxalate,  iii.  209 
oxides,  i.  206 
phosphate,  iiL  204, 

and  iv.  434 

pnueiate  0^  iiL  211 
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Clipper,  ffnkm^  u  810  and  iv. 
MO 

iiimihti.  iJLgll 
tdts  oC;  iiL  193 
aoap^iiL  407 
subenta,iiL  211 
•uccinate,  liLflOS 
auiiiiiHte.  iii.  MO 
sufhitc,  in.  9M 
tartrate^  iii.  SIO 
tinnedtLMO 
tungrtite.  Si.  216 

Copp^w,  iiT  22S 

blue,  iiL  201 

Conl»  ▼.  515 

Coriyindum,  iv.  231 

Gork,iL344 

rod,  vr.  329 

Corneous  mercury,  iv.  416 
fUTOr  ore,  iv.  408 

Corroaive  sublimate,  iiL  169 

Corundum,  br.  231 

Cotton,  ▼•  150 

Cotyledons,  ▼.  297 

Couch,  ▼•  399 

Cream,  v.  566 

Crocus  metallorum,  i.  318 

Croton  eleutheria,  v.  220 

Crucibles,  ii.  341 

Cruor  of  blood,  v.  559 

Crusts,  composition  of,  v.  511 

Crystal,  mineral,  iiL  14 

Cr}'sta]s,  iii.  601 

Crystallite,  ii.  536 

Crystallization,  iii.  599 

expansion  du- 
ring, L  513 
nature  of,  iii. 
604 

Cube  ore,  iv.  457 
spar,  iv.  364 

Cubizite,  iv.  277 

Cupellation,  i.  277 

Cuprium,  i.  296 

Curd,  V.  569 


CutiB,T..5S9 
Cuttiflfish^  bone  o^  ▼.  511 
Cyanile,  ■¥.  aS5 
Cymophane,  hr.  211 

Daoorile,  hr.  245 
'Date-tree,  pollen  ol^  ▼.  240 

Datbolite,  IV.  367 
Dead  Sea,  i«.  142 
DecompositiQii,  iiL  650 

tables  0^  vL 
657 
Decrement,  iiL  613 
Decrepitatioiit  iL  682 
Ddphmite,  iv.  245 
Deoxidisb)^  nyn^L  416 
Dephloffisticated  air,  i.  24 
Deutojude,  L  142 
DiabohM  metallonim,  L  264 
Dialb^^e,  ir.  333 
Diamond,  L  38,  44,  and  ir. 

207 
Diaspore,  iv.  312 
Digestion,  v.  699 
Diopside,  iir.  215 
Dioptase,  iv.  427 
DippePs  animal  oil,  v.  477 
Dipyre,  iv.  280 
Dissolution,  iii.  646 
Disthene,  iv.  335 
Distmct  concretions,  iv.  194 
Dolomite,  iv.  353 
Draco  mitigatus,  iii.  173 
Dragon^s  blood,  v.  130 
Drawing  slate,  iv.  304 
Dropsy,  liquor  of,  v.  695 
Ductility,  i.  133  and  532 


E 


Eagle-stone,  iv.  450 
Earths,  ii.  45,  78 

in  plants,  v.  162 


INDEX.                                                 643                     H 

Karihs,  whether    (brmed     in 

Ether,  eulplturic,  ii.  440                         H 

planta,  v.  316 

Ethiops  mincrul,  i.  179                           fl 

^m               as  the  food  of  plants 

martial,  i.  220              ^^^H 

K                      314 

pt,-,f,li75            J^^^H 

^V             action  DD  each  other. 

Evapnralion,  iv.  GS                ^^^^^^H 

W            i-sis 

annual,       78  T^^^H 

the    tempera-                ^M 

519 

alkaline,  ii.  45 

turc,  iv.  70                     H 

proper,  ii.  78 

Euciuse,  iv.  239                                       ■ 

ttniun  with  oxides,  ii. 

Eudiometers,  iv.  12                                 H 

530 

Euphorbiimi,  v.  149                                ^| 

in  animals,  v.  49^ 

Eye,  humours  of,  v.  600                        ^M 

Earthy  smell,  ii.  80 

Excremcntittous    mattar,     v.               ^M 

Kffcrvegcence,  i.  65 

■ 

Efflorescence,  ii.  662 

Egg  shells.  V.  .513 

exceptions  to  it,  i.                ^1 

white  of,  V.  579 

503                                 ■ 

Epgs.  V.  578 

Expectorated  matter,  t.  597                 ^M 

Eisenram,  iv.  443 

Extract,  v.  43                                        ^M 

Electricity,  iv.  115 

Goulard's,  iii.  275    .     ^^^M 

Electrum,  i.  157,  anil  iv.  S97 

Extractive,  v.  43                    i^^^^H 

LlemenUoftheancicnts,  i.  627 

species  of,  v.  tT^^^H 

of  the  dchymists,  i. 

,^^M 

628 

^^^M 

weight  of,  iii.  4+1 

Elemi,  V.  9+ 

Paid                                        ^^^^1 

Emerald,  iv.  940 

^^^H 

Emery,  iv.  229 

acid  of,  ii.  294 

Empyreal  air,  i.  24 

Teathers,  v.  549 

Emulsion,  ii.  496 

reces,  v.  6*8 

Enameloftheteelh,  V.  505 

human,  v.  649 

Enamels,  ii.  644 

of  cattle,  V.  653 

Epidermis  of  anhnals,  v.  52H 

of  fowls,  v.  655 

oftrecB,  V.  210 

Fccula,  areen,  contains  glu- 

Epidotc, iv.  245 

ten.  V.  23 

Epsom  Mk,  ii.  S65 

Felspar,  iv.  286 

Eqiulibrium  of  caloric,  i.  478 

Labradore,  iv.  2S7 

Etching  on  glass,  ii.  219 

compact,  iv.  289 

Ether,  ii.  iSH,  and  iii.  49.5 

Fer  oligiste,  iv.  441 

acetic,  ii.  471 

oxyilide,  iv.  440 

muriatic,  ii.  465 

nitric,  ii.  456 

acetous,  V.  424 

panary,  v.  389 

rectification  of,  ii.  n2 

vinous.  V.  397 

I .' . 


Fibiia,  t.  99, 458  ' 

Tibrolite,  it.  868 

Figure-itODe,  hr.  383 

Fberv,  i.  836 

Fire-dnopy  L  82 

Fira4Ndli»hr.ll9 

Eidi  scaiM,  T.  581 

Sixid,  what,  n.  5 
air,  iL  808 

Flake,  white,  L  306 

Flesh,  V.  583 

Flint,  iir.  896 

FUnt^wave^ii.  54p3 

ftintHdate,  !▼.  855  and  549 

FIoat4tone,  iv.  300 

Flowers,  ▼•  831 

Fluates,iL6M 

Fluidity  produced  by  heat,  L 
516 

FluUs  conduct  caloric,  L  468 

Fluoboric  add,  v.  810 

Fluor,  iv.  360 

Fluoric  adU,  u.  215,  and  v. 
810 

Flux,  black,  iii.  SS 
white,  iii.  33 

Foliated  earth  of  tartar,  iii.  59 

cr}'stallized,  iii. 
61 

Food  of  plants,  v.  307 
animals,  v.  699 

Formations,  iv.  536 

alluvial,  iv.  572 
floetz,  iv.  558 
independent  coal, 

iv.  5e(i 
new  Paris,  iv.  569 
primitive,  iv.  537 
transition,  iv.  553 
volcanic,  iv.  573 

Formiates,  iii.  112 

Formic  acid,  ii.  347 

Fossalkali,  ii.  39 

Fracture,  iv.  192 

Francliipan,  v.  575 


npaidniiociisiB,  ▼•  91 

[,  exptumon  by,  L  51S 
oootmction   by,  L 

515 
mbctnzca,  L  579 
ofbodiea,L518 

FMcti0n,i  615 

Fdgorific  particka^  L575 

Frit,  iL  568 

Fhiits,  ▼.  870 

FoUer'Ji  earth,  nr.  388 

Eliminating  powder,  liL  Si 

Fustic,  ▼.809 


Gadolinite,  ir.  339 
Galbanuns,  v.  148 
Galena,  it.  465 
Galipot,  ▼•  98 
Gall-stones,  ▼•  665 
Gallates,iiL  115 
GaOic  acid,  iL  377 

jdants   obntaining,  ir» 
643 
Gamboge,  v.  147 
Garlic,  v.  277 
C^arnot,  iv.  220 

black,  iv.  220 
white,  iv.  219 
Gai&,  what,  i.  21 
Gases,  i.  541^,  and  iii.  435 

absorption  by  water,  iii 

508,525 
combination  of,  iiL  467, 

and  v.  835 
ditto  with  liquids,  iii 

504 
ditto  with  solids,  iii.  528 
constitution  of,  iii.  434 
elasticity  of,  i.  488,  and 

iii.  435 
expansion  of,  L  488 
mixture  of,  iiL  453,  and 
V.833 
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Gases,  respirable,  v.  716 

specific  gravity  of,  iiu 

table  of,  iii.  437 
unrespirable,  v.  715 
•  water  which  they  con- 
tain, iii.  446 
Gastric  juice,  v.  703 
Gelatine,  v.  430 
Gelberz,  iv.  494 
Gentian,  v.  201 
Geognosy,  iv.  529 
Germination,  v.  296 
Gin,  ii.  410 
Glacics  mariae,  iv.  307 
Glance  cobalt  ore,  iv.  504 
Glands,  v.  536 
Glass,  i.  164,  and  ii.555 
bottle,  ii.  560 
crown,  ii.  559 
expansion  of,  i.  496 
flint,  ii.  558 
gall,  ii.  562 
method  of  etching  on, 

ii.  219 
of  antimony,  i.  318 
phosphoric,  ii.  201 
plate,  ii.  558 
Glauberite,  iv.  378 
Glauber's  salt,  ii.  661 
Glucina,  ii.  91 

acetate,  iiL  67 
carbonate,  ii.  655 
hydrosulphuret,     iiL 

380 
muriate,  ii.  592 
nitrate,  iii.  27 
phosphate,  ii.  632 
succinate,  iii.  73 
sulphate,  ii.  677 
Glucium,  iL  93 
Glue,  V.  431»  438 
Gluten,  v.  16 

fermented,  v.  }8 


Gluten,  plants  containing  it, 

V.25 
Gneiss,  iv.  541 
Gold,  i.  148 

alloys,  i.  156, 164, 170, 
182,  190,  195,  200, 
203,  211,  247,255, 
264,  279,  293,  308, 
320,  333,  343,  351^ 
866,  375 
native,  iv.  397 
ores  of,  iv.  396 
oxides  ofy  i.  151 
muriate,  iiL  134 
nitrate,  iii.  139 
fulminating,  ii.  1 1 
salts  of,  iiL  133 
sulphurct,  L  154  - 
soap,  iii.  408 
Gorgonia,  v.  516 
Gouty  concretions,  v.  6SS 
Grammatite,  iv.  333 
Granatite,  iv.  222 
(iranite,  iv.  539 
Grapes,  v.  271 
Graphic  gold  ore,  iv.  494 
Graphite,  iv.  392 
Graugil tiger z,  iv.  424 
Grejrwacke,  iv.  554 

slate,  iv.  554 
Greek  fire,  ii.  507 
Green,  Scheele's,  iii.  215 

colour  of  plants,  v.  30 
earth,  iv.  317 
iron-earth,  iv.  458  . 
resin,  v.  100 
sand  of  Peru,  iv.  433 
stone,  iv.  546 
Grey  copper  ore,  iv.  421 
cobalt  ore,  iv.  504 
ore  of  antimony,  iv.  489 
ore  of  manganese,  iv.50S 
Guaiacum,  v.  113 
Gum,  iv.  677 


6M  IS 

Gum  iirabic,  tv.  686 

cherry  tree,  iv.  689 

Eut,  V.  1+7 
uteera,  iv.  6S9 
reiim,  v.  1 1(9 
Sene^,  Iv.  GHfi 
tragacanth,  ibui. 
Run  meal,  i.  367 
■^jiinpowder,  iii.  ;iO 
Gjfmm,  ii.  679  and  it.  36*i 

H 

Hematites,  black,  iv.  44,'> 
brown,  iv.  +4-6 
red,  iv.  444 
HaanalK,  iv.  97'J 
Hair,  v.  545 

HaiiT  concretiorw,  v.  664 
HanbeM,  i.  148 
HarmotoHif,  iv,  278 
Hartshorn,  ii.  6 
Hazie-tree,  pollen  of,  v.  243 
Heat,  1423 

animal,  v.  737 
duringcombustion.i.g  1 0 
escape  of.lVom  Burt'accs, 

i.  435 
latent,  i.  531 
red,  i.  420 
Heavy  inflammable  air,  i.  48, 

and  v,  770 
Heliotrope,  iv.  265 
Hellebore,  v.    97 
Hempsecfls,  v  262 
Hepar,  iii.  381 

Bulphurit:,  ii.  30 
Hepatic  gas,  i.  90 

concretions,  v.  6G1 
mercurial  ore,  )v.  414 
Ho-ang-lien,  v.  199 
Hollow  spar,  iv.  289 
Honey,  v.  470 

stone,  iv.  374 


Hopi^v.  404. 
HonibleiKle,  iv.  312 

basaltic,  iv.  314 
I'Sbradore,     it. 

313 
•late.  iv.  313 
Honw,  V.  519 

of  the  hart  and  back, 
V.  5S0 
Horniiilver.  iii.  I,5I  and  n.K$ 
Homstone,  iv,  254 
Horsechesnut,  v.  322 
Horeenidish,  v.  20+ 
JlospiiaJ  !.ort,iiiditerof,v.69t 
Hnui|H>iia,  ii.  221 
Humours  of'lhc  eye,  v.  60 
Hyacinth,  iv.  209 

white,  iv.  238, 890 
yields   naucua,    ir. 
693 
Hvacbthioe,  iv.  216 
Hyalite,  iv.  258 
Hydrargillite,  iv.  271 
Hydrargyrum,  I.  178 
Hydrates,  ii.  122,  and  in'.  566 
Hydrocarbon  at  lis,  i.  61 
Hydrogen,  i.  ;i  l 

arsenical,  i.  330 
combitstion    of,   iii, 

472 
gas,  i,  31,  iii.  539 
abr'orbed    by  char- 
coal, i.  41 
Uydrogureted  sulphur,  tit.  3"2 
Aulphurets,  iii, 

380 
metallic,iiL386 
.sulphuret      of 
ammonia,  iL 
9 
sulphuret      of 
potash,  iL  30 
Hydrometer,  Clarke's,  ii  ♦23 
Hydrosiderum,  i.  228 
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Hydrosulphureis.  iiL  S70 

Iron,  acetate,  iJL  23.? 

raetttUic,iii. 

arseniuted.  iJi.  241 

386 

benzoate,  iii.  237 

HygroBielvr,  iv.  25 

borate,  iii.  235 

Hyperoxynmriolee,  iii.  36 

carbonate,  iii,  233,  and 

Hyperoxymuriaticacid,L124', 

iv.  455 

and  ii  258 

chroniate,  iv.  513 

Hypewiene,  v.  843 

citratt!,  iii.  238 

cold,  short,  i.  227 

I 

columbate,  iii.  243 

fluated,  iii.  235 

Jade,  iv.  325 

gaUat«,  iii.  239 

Jalap,  V.  200 

glance,  iv.  441 

James's  powder,  iii.  314 

Jasper,  iv.  262 

lactate,  iii.  239 

agate,  iv.  26+ 

hyperoxyinuriote,     iii. 

Egyptian,  iv.  262 

220 

porcelain,  is.  262 

malate,  iii.  239            -,  -  ^^ 

Ice,  ii.  117 

mellate,  m.  236           g^^^^M 

expansion  of,  i.  513 

niuiybdate,  iii.  243      4^^^^H 

muriated.  iu.  S21            f^^^H 

Idocrase,  iv.  216 

native,  iv.  436                                  ^ 

Jelly,  iv.  694,  and  v.  4.31 

nitrated,  iiL  218 

ores  of,  iv.  436 

properties  ol'. 

oxalated,  iii.  237 

i.  129 

oxides  of,  i.  220,  and  v. 

Indian  rubber,  v.  132 

783 

Indigo,  V.  1 

phosphated,  iii.  ^31,  and 

Indigofera  tinctoria,  v.  1 

iv.  455 

heavy,  L  49 

pyrites,  iv.  437 

Ink,  ii.  396 

saccolate,  iii.  -J39 

Indian,  v.  106 

saltsof,  iii.  217 

printers,  ii.  493 

sand,  iv.  441 

sympathetic,  iii.  324 
IntestinaT  concretions,  v.  661 

soap,  iii.  407 

suberate,  iii.  'J39 

Inulin,  iv.  697 

succinate.  Iii.  .36 

Ipecacuan,  v.  199 

sulphated,  iiL  223 

Iridium.  L  190 

sulphite,  iii.  J30 

Balte  of,  iii.  192 

tanarized,  iii.  i;44 

ores  of,  iv.  399 

tmrated,  iii.  238 

Iron,  i.  216 

tungstote,  iii  24S 

aUoy%  i.  247, 269,  282, 

Iron  flint,  iv.  253 

297,311,321,335,344, 

clay,  iv.  315 

352,  368,  375 

Iserine,  iv.  5^'* 
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Isinglass,  v.  440 

Islands,  tcmperatuve  of,  !▼.  68 

Juice,  peculiar,  of  f^ants,  v. 

190,  377 
Jupiter,  i.  298 


K 


Kali,  ii.  4,  87 
Kaolin,  iv.  295 
Kelp,  ii.  40 

Kennes  mineral,  iii.  f)92 
Kidneys,  action  of,  v.  740 
calculi  of,  V.  683 
Kidney  bean,  ▼.  260 
Kinate  of  lime,  iii.  106 
Kinatcs,  iii.  106 
Kinic  acid,  ii.  S25 
Kiffekill,  iv.  S'2\ 
Kino  yields  a  species  of  tan, 

V.  40 
Klebschiefer,  iv.  '99 
Klinkstone,  iv.  315 
Koumiss,  v.  574 
Kupfer  lazur,  iv.  4^8 

nirkol,  i.  'J.>(>,  and  Iv. 
KiO 


Labdanum,  v.  0(> 
Lac,  V.  1().> 

white,  ii.  'VMi 

snlphuri*,  i.  S8 
Laccic  arid,  ii.  S!)0 
Lackors  v.  lOS 
Lactic  acid,  ii.  S51 
L:idanuni,  v.  9f} 
Laiia  philosopliica,  i.  2^9 
Lapis  int'crnalis,  iii.  147 
ncphritlcus,  iii.  S2J 
•     lazuli,  iv.  28IJ 

philosophoruiu,  i.  5 
Latciit  heat  cxplaincil,  i.  j'lif 
Lava,  iv.  573 


Lazulite,  iV.  281,  285 
Lead,!.  270 

alloys,  i.  279,297,311, 

322,  336,  344,  :,69, 

375 
acetate,  iii.  271 
antimonial  sulphuret  of, 

iv.  467 
artieniate,  iii.  279,  ami 

iv.  474 
bcnzoate,  iii.  276 
borate,  iii.  271 
carbonate,  iii.  269,  and 

iv.  470 
citrate,  iii.  277 
chromate,  iiL  280,  and 

iv.  472 
fluate,  iii.  270 

hyperoxymuriate,  •  iiL 

263 
lactate,  iii.  278 
malate,  ibid. 
mcHate,  iii.  277 
molybdate,  iii.  279,  and 

iv.  474 
inuriatcnl,  iii,  *2C^ 

nuirio-carbonatc,  iv.4Tl 
nitrate,  iii.  2*>() 
ores,  iv.   U}6 
oxahitc,  iii.  276 
oxides,  i.  ^27 2 
pliospliate,  iii.  2(kS,  and 

iv.  471 
saccolate,  iii.  278 
Siilts  ot*,  iii.  25.4 
soip,  iii.  407 
suh.Tate,  iii.  27S 
siiiccinate,  iii.  276 
sr.irar  oi',  iii.  271 
sull)hatA%   iii.  2?)5,  anJ 

iv.  172 
sulplnte,  iii.  267 
superacet;ue,  iii.  271 
tartrate,  iii.  277 
tungjstate,  iii.  280 


^^^^                   UDW4                                    «4ft                 M 

Md,  -vinegar  of,  iii.  ^75 

Lime,  iluate  of,  it.  607                   ^^^^| 

white,  i.27+,  and  iii.2Gt* 

furiuiute,  iii.  112             .     ^^^^H 

cather,  v.  531 

gallale,  iii.  115                      BH 

eaven,  v.  S91 

hydrate,  ii.  48                                    ■ 

earest,  v.  229 

hvdrasuli^urot,  ilL  379                      ■ 

functions  of,  v.  3i7 

hyperoxy  muriate,     iii.                      M 

wliv  they  fall  oii*.  v. 

^^^1 

351 

kinate,  iii.  106                    ^^^^^| 

^^^H 

of  plants,  V.  375 

mellalc,  iii.  90                    ^^^H 

^^      how  produced,  ibid. 

mLTcuriate,  ii.  54                ^^^^B 

^B       Reminal,  v.  Z05 

^Pl '    absorb  corhonti:  Quid, 

raoroxylate,  iii.  7*-                          ■ 

■  •          V.  351 

muriate,  ii.  58*                   ^^^H 

libBorb  water,  v.  370 

nitrate,  iii.                            ^^^H 

emit  axygen,  v.  35t 

oxalats,  iii.  86                      ^^^H 

-emanile,  iv.  SS6 

oxjnnuriate,  iii.  35             ^^^^^M 

^moDs,  essential  ealt  of,  iii.  S'2 

phonphate.  ii.  627      '         ^^W 

^m,  crystalline,  v.  601 

phoiphite,  iL  697                             V 

entiles,  V.  260 

plumhnte,  it.  54                                ■ 

^pidolite,  iv.  906 

pruftsiatc,  iti.  117                          ^| 

.«ucite,  iw.  219 

8Rccolal£,  iii.  106                 ^^^1 

..eucolite,  iv.  241 

sebate,  ibid.                          ^^^1 

JbaviUB,  stnokinC  liquor  of. 

slacking  of.  ii.  47                 ^^^H 

ui.250 

soap,  iii.  40d>                       ^^^1 

ichens,  V.  281 

suberate,  iii.                         ^^^H 

Jgttnema,  v.  686 

succinate,  iu.  72                 ^^^H 

.ight,  i.  40S 

sulp1i9te.  ii.  679                   ^^^H 

anhydrous,    ii.   681,       ^^^H 

soureeK  ei;  ibid. 

.  and  ir.  Sti4               '  ^^^1 

Lilalite,  iv.  307 

sulphite,  iii.                          ^^^^H 

Lime,  ii.  46 

supermaloie,  iti.                   ^^^^H 

native,  iv.  S+3 

■uperfAosphate,  ii.  629       ^^^H 

acL'taie  of,  iii.  64 

tartrate,  iii.  98                              ^1 

arseniute,  iii.  49,  and  iv. 

tuogst«ie,iii.  55,  and  iv,                 ■ 

501 

519                                              ■ 

benzoatf ,  iii.  70 

urate,  iii.  109   .       '                       ■ 

borate,  ii.  616 

water,  ii.  51                                 H 

camphorate,  iii.  ?» 

Limestone,  iv.  344'                                    ^| 

carbonate,  ii.  650 

primitive,  iv.  54T                    M 

chrotnale,  iii.  57 

OaeU,  iv.  560                      <■ 

citrate,  iii.  104 

ttanaition,  iii:.^5.^                 ■ 

eflecu  of,  on  mould,  v. 

Liquefaction  explained,  L51T               ^M 

327 

Liquidj,  iii.  549                          ^^^H 

P'oJ.I. 

^^1 

^HHM^A  A^  A^^MA^     111 
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Lobster  oniitr^.  511 
Logwood,  V.  205 
Lonionite,  iv.  279 
Luna  eomeOy  iii.  151 
Lunar  caustic,  iii.  147 
Lupine,  white,  v.  461 
Lustre,  iv.  191 
Lute,  what,  I  23 
Lydian  stone,  it.  256 
Lymph  of  plants,  ▼.  531 
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!,ia.l« 
<iiL409 
MbcuboQMc^ijM 
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succinate,  iiLTS 
sulphate,  iL  665 
.  sulphite,  ill  5 
tanrate,  iiL  97 
tungatate,  iii  55 
urate,  iii.  109 
Magnetic  irQUHBtone,  iv.  410 
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Magnets,  L  232 
Ma^Qtum,  11.  64 
Mais,  V.  254 
Malachite,  iv.  429 
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Malatet,  iiL  110 
Malic  acid,  iL  340 

planta  containing 

it,  iv.  642 
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borate,  iii.  33* 
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sulphate,  iii.  331 
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Portsoy,  iv.  327 
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Marl,  iv.  35* 

chroniate,  iii  185 
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Natron,  S.  39 
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Mushrooms,  v.  286 
Musk,  V.  485 
MussUe,  iv»  215 
Must,  v.  415 

fermentatipi}  of»  v.  415 
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tartrate,  iii.  286 
Nigrine,  iv.*523 

NihU  album,  i.  289 

Nitre,  iii.  Jll  ; 

cubic,  Iii;  16 
iixed,  U.640    '* 
fixed  bjr  charcoal,  iii.  14 

Nitrates,  iii.  10.    '        ' 
,    ..u^ .of,  iii. '89 

JNitricjtfcidj'L  107,  aiidliL  229 

^     ^xi4*.^iefe 


dM 


fmVWmm 


)Iitrit6Sf  wL  SS 
Nilniggn»  L  iOt 
llitro»Mliinilio  Midlt  S*  S96 
{Tmoiii  tddt  iL  »7  wd  ^ 

pUogkcicatad,  |t9!r 

iiL488 

dde,  L  lOQ,  Q,  |S4k 
mi  111496 
gpi,  etidiofna>rf>  Iff 

liLlT 


•tDOTohtiby  {bid, 
IVovMi^e,  if  .  SO* 


Oats,  F.  350 
Obsidian,  iv.  269 
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cobalt,  i.  340 
L206 
L  151 


um^  L  199 
iron,  if  218,  and?* 

783 
}ead,L  272 
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nickel,  i.  253 
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silver,  i.  167 
sulphur,  L  88 
tantalum,  v.  792 
tellurium,  i.  324 
tin,  i.  259 
titanium,  i.  379 
tungsten,  i.  373 
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muriate  of,  ii 
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oxides  of,  i.  189 
pruuiate,  iii.  191 
salts  of,  iii.  187 
sulphate,  iii.  189 

Panacea  hoUatica,  ii.  659 

Pacary  fermentation,  v.  S89 
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Pancreatic  juice,  r.  584 
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Pericardiun),  liquor  of,  v,  599 
Peridot,  iv.  212 
Perlated  acid,  ii.  621 
Peroxide,  i.  143 
Perspinition,  v,  742 
Peru,  balsam  of,  v.  124 
I'enjvtan  bark,  v.  215 
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Petunte,  ii.  548 
Pewter,  i.  284 
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Phlogisticated  air,  i.  112 
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jirscnic,  i.  333 
bar>tcs,  ii.  70 
bisimith,  i.  307 
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lime,  ii.  52 
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Ph}i:olacca  berries,  v.  268 
PiCQite,  iv.  241 
Picromel,  v.  587 
Pierre  ii  fuad,  iv.  256 

de  croii^  iv.  22 J 
Pig  iron,  i.  234 
Pinchbeck,  i.  2J>6 
Pineal  concretions,  v.  659 
I'inite,  iv.  308 
Pinpouin,  ii.  221 
Pisiform  iron  ore,  iv.  4j1 
Pitch,  mineral,  iv.  385 
ore,  iv.  515 
stone,  iv.  269 
Pitchy  iron  ore,  iv.  456 
Pitcoal,  ii.  510 

gas  from,  i.  51 
Piztazitc,  iv.  245 
Plants,  death  of,  v.  383 
decay  of,  v.  381 
diseases  of,  v.  2^1 
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Flalina^  it.  S99 
Pla«Bium»i.  157 
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294,   309,   320, 
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benzoic  o^^  iii.  142 
muriate,  iiL  141  ' 
nitrate,  iii.  140 
ores  of,  iv.  398 
oxides  of,  i.  L61 
oxalate,  iiL  143 
prussiate,  ibid, 
salts  of,  iii.  140 
sulphate,  iiL  142 
triplesaltsofyiiL  144 
Fleonaste,  iv.  225? 
riumbago,  i..225,  and  iv.  992 
Pluiubum  corneum,  iii.  264 
Pluniula,  V.  297 
Poison^,  anixmly  v.  617 
Pollen,  V.  239 
Ponipholyx,  i.  289 
Porcelain,  ii.  546 

earth,  iv.  195 
Reaumur's,  iL  557 
Porphyry,  iv.  544 
Potash,  ii.  22,  and  iL  640 

dissolves  oxides,  iL  3 1 
acetate  of,  iiL  59 
anseniate,  iiii47 
azotite,  iL  159 
benzoate,  iiL  70 
borate,  iL  612 
caniphorate,  iii.  75 
carbonate,  iL  640 
chroroate,  iii.  57 
citrate,  iii.  102 
columbate,  iiL  58 
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flnolybdate,  iii,  52 
muriate,  iL  574 
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Potential  cautery,  ii.  28 
'  Pota,  ii.  541 

Potstone,  iv.  308 

Pounxa,  iu  221 
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iii.  180  milk,  it.  252 

Pmmiates,  iiL  116  Quassia,  experiments  oo  itsii^ 

Pmssic  acid,  iL  362,  and  iii.  fusion,  v.  31 

547,  ^and  v.  883  Queen's  ware,  ii.  542 

plants  containing  Quercitron,  v.  881 

it,  jv.  644  Quicklime,  ii.  47 

Fhnsons  acid,  v.  883  Quicksilver,  L  172 

Pulmonar}*  concretions,  ▼.  660  Quinquina,  v.  81 8 
Pumice,  iv.  870 
Purple  of  umorgos,  v.  884 

Pujtrefiiction,  v.  486  JC 
in  air,  v.  759 

under  ground,  v.  Radiant  heat,  i.  439 

761  Radiating  pow:er  of  bodies,  t, 

lof  accumulated  448 

matters,  V.  768  Radical  vinegar,  ii«  282 

preventatives  Radicle,  v.  897 

from,  V.  764  Hain,  iv.  80 

Pus,  v.  691  quantity  of,  iv.  83 


nrDBX. 


Bays  of  light,  1.408 

cfdoricy  i.  4M 
Rayonnaiitey  iv.  SS8 
R«ilgar»  L  SS%  and  ir.  499 
R^  antmionlal  ore,  hr.  4912 
cobaH  ore,  hr.  507 
oopp^  ore,  nr»  4S5 
diaiky  iv.  449 
flowers,  ▼•  29% 
iron  ore,  it*  44S 
lead,  L  375 

lead  ore  of  Siberia,! v. 472 
ochre,  rr.  444 
ore  of  manganese,  iv.  512 
precipitate,  i.  177 
Sanders,  v.  208 
silver  ore,  Jv.  405 
Reddle,  iv.  449 
Heducti<m,  i.  134 
Reflection  of  heat,  i.  446 
light,  i.  406 
Sefiraction  of  light,  L  405 
Regulus  of  antimony,  i.  812 
martial,  L  882 
of  Venus,  i,  321 
Repulsion,  iii.  485 
Re«in,  v^  91 

Botany  Bay,  v.  96 
from  bitumen,  v.  1 1 1 
green,  v.  100 
of  bile,  V.  478 
of  urine,  v.  635 
Resins,  v.  83 

animal,  v.  478 
Respiration,  v.  714 

of  fishes,  V.  728 
Priestley^stheory, 

of,  V.  734 
Lavoisier^s  theory 

of,  V.  735 
Lagrange^s    the- 
ory of,  V.  796 
phangesonairby^ 
ir.720 


Respiration,  changes  on  blood 

by,  V.  731 
Respirations,  nambero^T«718 
Rete  mucoBum,  v.  534 
Retinaqphaltum,  ii.  509^  and 

IV#  2KHp 

Rhodium,  L  192 

aalts  of,  SL  191 

Rhon^  spar*  iv.  359 

Rhubarb,  v.  201 

Rioe,  V.  254 

Roasting,  i,  319 

Rock  c^rstal,  hr.  252 
soap,  iv.  318 

Rocks,  iv.  531 

structure  of,  iv.  532 

Roestone,  iv.  345 

Roots,  V.  196 

absorb  oxygen,  v.  369 

Rosa  mallos,  v.  127 

Rosacic  acid,  v*  489 

Rosin,  V.  91 

Rouge,  V.  234 

Ruby,  iv.  225,  227 
balMS,tv.226 
occidental,  iv,  234 
octahedral,  iTf  22a 
oriental,  iv.  227 
spinell,  iv.  225 

Rum,  ii.  410 

Rust,  iii.  234 

Ruthile,  iv.  522 

Rutilite,  iv.  524 

Rye,  V.  24« 


8 


Sacar-nambu,  iv.  671 
Saccharine  acid,  ii.  305 
Saccolates,  iii.  107 
Saclactic  acid,  iL  327,  and  v. 

821 
SafiTon,v.  238 

of  Mars,  i.  222 
Sagiqpemini,  v.  145 


Sugedke,  W.  522 
Smo»  h.  708 
SiUile,  IT.  $96 
Sal  aleiabroth*  uL  187 
ammoniac,  u.  579  ^ 

catharticui  amanii»  iiuid63 
de  4iiobua»  iL  659 
gem,  JL  577 
mirabiie,  iL  66i 
polychreft  Glaaeri,  ii.  659 
peiiaftum,  «•  681 
Sdifiable  bMea»  i.  S. 
Saline  sohitions,  action  of  salt 
on,  ill.  585 

fiableef,ui^77 
treesuig  of,  L 
519 
Saliva,  v.  581 

of  the  hofset  ▼•  583 
Salivary  concretiona,  v,  659 
Salop,  iv.  709 
Salsola,  ii.  39 
Salt,  ii.  565 

arsenical,  neutral,  iii.  47 
common,  iL  577 
digestive,  iL  574 

of  Sylvius,  iii. 
59 
diuretic,  iii.  59 
ICpsom,  ii.  665 
Il'brif\i<;e,  iL  574 
CilaubcrX  ii.  661 
microcosinic,  ii.  625 
narcotic,  ii.  2'2*J 
of  amber,  ii.  297 
of  Saturn,  iii.  271 
of  Scij^ette,  iii.  96 
of  Sylvius,  ii.  574 
of  tartar,  iL  27 
of  wisdom  iii.  1 87 
of  wood  sorrel,  iii.  82 
perlated,  ii.  621 
Uochelle,  iii.  96 
sedative,  ii.  222 


Salt,  Seydler^  iL  6S5 
petre,  ML  10 
regenentted  aaa,  u.  dfl 
rock,  hr.  S79 
.    #u^pfciDemi^affilaH£S 
Salts,  ii.  565,  «Mi  iv.  406^  ni 
v.  8S8 

nlkalioe  #od  earf^,  l 

570 
calcareoua,  iv.  343 
combvalible,  iiL  59 
compoimd,  ii.56S 
JncoRibuatMe^  iL574 
meCaUine,  iiu  127 
aeutnd,  ii.5G6 
nomenclature^  ii.  568 
simple,  ii*  565 
soluhili^  in  akohol,  iL 

429 
flolubilkj  ia   water,  iiL 

577aiid«72 
tvqile^  ii.  567 
food  of  plants,  ▼•  31S 
Sandaracli,  ▼.  M 
Sandaracha,  i.  320 
Sandstone,  iv.  559 
Sap  of  plants,  v.  1 8.S  and  3S1 

motion  of,  v.  330 
Saponaceous  extract  of  uriui, 
V.  463 

matter  of  putre- 
faction, V.  762 
Saponules,  ii.  484 
Sappare,  iv.  335 
Sapphyr,  iv.  227 

oriental,  ibid, 
occidental,  iv.  234 
Sarcocoll,  iv.  (i73 
Saturation,  iii.  631 
Saturn,  i.  298 

sugar  of,  iii.  271 
extract  of,  iii.  275 
Saussurite,  iv.  326 
Savonule,  ii.  483 
Scales  of  fish^  v.  52 1 


r 


Scale*  of  eerpeiits.v.AM 

Sienite,  iv.  551 

Scammony,  v.  146 

SiVmt 

I,  ii.  96 

Scapolile,  iT.  2»1 

borate  of,  ii.  617 

Schftlstone,  rr.  aST 

chroinatc  oii  iii.  5« 

Schauineaith,  i*.  349 

tiuate  of,  ii.  610 

Schedium,  i.  S72 

bilicated  potash  precipitate! 

Schiefer  spar,  iv.  3*9 

gum,  iv.  681 

Scbittrntonc,  iv.  337 

Sihci 

ium,  ii,  105 

Schmelmtein,  iv.  280 

Silk, 

V.  550                             * 

Schrifterz,  iv.  494 

Silrer,  i.  165                           4 

Scorpion,  veHom  of,  v.  620 
Sea-froth,  it.  3S1 

aUoTfl  of,   i.  170,   191, 

195,  200,  214,  248, 

Bdt,  ii.  577 

265,  2K1,  294,  31(^ 

321,  335,  344,  SejJ. 

wax,  iL  5m 

375                          ; 

Seas,  temperwiwe  of,  i».  Gti 

.altiof,  iii.  145 

Sebacic  acid,  ii.  293 

aceuie,  iiL  157 

Sebstes,  iii.  lOS 

amalgam  of,  iv.  41'^' 

Secretions,  v.  +96 

aatimonial,  iv.  401 

mwrbid,  v.  690 

aneniate,  iii.  160 

Sedative  salt,  ii.  222 

kTBenicol,  iv.  402 

Secasofplanta,*.  84-8 

auriferous,  iv.  401 

Selenite.  U-  679,  and  i».  3t;j 

bcMoate,  i«.  158       A. 

Semen,  v.  607 

black,  iv.  410 

borate,  iii.  J  57 

Seniiopal,  i*;  261 

i-arbonate,  Ut.  156,  aiid 

Sdnna,  V.  225 

iv.  410 

SerpenUM,  iv.  327,  5*8,  5:^1 

'chromate,  Ui.  161 

Scrosity,  v.  557 

citrate,  ill.  150 

Serum  of  blood,  v.  557 

fiuate,  iii.  157 

Scydler  salt,  ii.  665 

Eliminating,  ii.  1:1 

Shale,  iv.  304 

fflonce,  iv.  403 

Shells,  V.  507 

porcelkneouB,  v.  509 

150 

mother-of-pearl,v.  509 

malate,  iii.  159 

Shistus,  argillaceous,  iv.  305 

mellate,  ill  159 

Shorl,  iv.  242 

molybdMe.iii.  161 

common,  iv.  2+3 

muriate,  iii.  HI,  and  iv. 

red,  iv.  522 

408 

White,  iv.  238 

native,  iv.  400 

Shorlite,iv.24l 

nitrate,  iii.  14€ 

Siberite,  iv.  245 

ores  of,  iv.  400 

Siderite,  iv,  28S 

oxalate,  iii.  158 

ozidffB,  i.  167 

Siderum,  i.  927 

phosphcu,  iii.  ISS 

-r 


Silver,  Mcculate  of,  uL  159 
M(t]>,  iii.  407 


.  15* 
J,  iji.  155 
■ulphuret,  iv.  403 
turtruU',  hi.  15» 
wliiu-,  on;  iv.  4M 
fiilTcry  Imikiog  eliuvei',  i.  £66 
SimpJc  combuftililv*,  i.  30 

incflmbustibln,  i.  113 
Hubfitanct^B,  i.  1 6 
Hupportcre,  L  lU 
Sinnviu,  v.  603 
SiM,  V.  4rS9 
S1UD.V.5SS 

whether  it  absorb*,  t. 
744 
Sluti.-,  adbetiivf^,  iv.  W9 
dnwiag,  iv.  304 
poliitfaing,  iv.  SlStf 
whet,  iv.  SO* 
Slate  cUiy,  iv.  Sits 
sp4r.  iv.  340 
SinnrH(;<i)U',  iv.  333 
Kuap,  iiL  39ti 

hKrd.iU.Se7 
wft,t>i,401         * 

StttkcK  >>-  *** 

-emp*,  iii.  396       j  f* 
-rilralioe^  iii..MCi 

»sr^i  iii.  iOit 
metallic,  iii,  4(Ut 
Soa«,!ik;B9  .r.   ■ 

attutla.t^.m.  61 
"  «8 


benHMte,  iii.  70 
bome,M.6l% 

cariioDai«t  ii.  643,  and 

iT.a77 
chronate,  iiL  fi7 
;  vj(Strgt<^  iii.  JOS 


Soda*  6uatc  trf^  ii,  i06 
^allate,  iii.  J  IS 
hydroaulphiv^  iii.  StI 
hypcroxyxmtrmfi  m  ti 
uuilue,  iii.  1  to 
mellarc,  iii.  90 
niohrbdate,  iii.  33 
niuriote,  iL  SJ1i,miii. 

379 
nirrate,  iit.  16 
oxalate,  iii.  8S 
phosphate,  iL  630 
phosphit?,  ii.  g-HS 
pnmiat«  oT,  iii.  IIT 
sacoolaie,  iiL  106 
aonp  oT,  iiL  397 
eub-borate,  u.  613 
tiuboarbonate,  il  6H 
suberatc,  iii.  |lg 
succinate,  iii.  7S 
sulphate,  ii.  661 
GuJphite,  iii.  4 
supersuJphnte,  ii.  MS 
tarlratp.  iii.  95 
tuD  testate,  iiL  54 
urate,  iiL  109 
hmr  extracted  bm 
coBKiioanlt.ii.jeC 

Sodium,  it  41 

Softnev,  i.  533  , 

SoU.  V.  314 

Sfriids,  iiL  593 

tible  of,  iii.  613 
ttqmaMOB  o^  i,  495 
-:o.  .      ^lecifio  grsntr  t£,  i. 
624     . 
oombinmioB  aC  lit- 0!) 

Solution,  iii^  568 

Sommite,  iv.  S38'    ' 

Sooty  ailv«r  ore,  iv.  410 

Sory,  iii.  223 

Sowias,  iv.  709 

Spar,  pondewjw^tT.  366- 
fluor,  iv.  350 

-ir.  346 


IMBIX. 


«3 


Sparry  iron  ore,  m  446 
Spath  perle,  iv.  352 
^Specific  caloric,  L  548 
Specificum  purgans,  iL  659 
Spectrum,  prismatic,  i.  408 
Specular  iron  ore,  iv.  441 
Spelts,  i.  286 
^wrmaceti,  v.  472 

oU,  V.  476 
Sphene,  iv.  524 
Spiders  webs,  v.  55% 

venom,  v.  620 
Spinell,  iv.  225 

ofnitie,ii.  229 
minderems,  iii.  62 
sal  ammoniac,  iL  6 
salt,  LI  17,  and  il  665 
urine,  li.  6 
wine,  iii  409 
proof,  ii.  423 
I^Hrits,  ardent,  ii.  410 

rectified,  ii.  410 
Spodumene,  iv.  292 
Sponges,  V.  518 
Squilk,  V.  280 
Stardi,  iv.  699 

plants  containing  it, 

iv.707 
potato,  iv.  708 
Staurolite,  iv.  278 
Staurolithe,  iv.  222 
Staurotide,  ibid. 
Steam,  iL  117 

elasticity  of^  L  537 
Steatite,  4v.  322 
Steel,  L  237 

natural,  L  243 
of  cementation,  L  243 
cast,L  244 
tempering,  L  223 
Stibium,  L  312 
Stilbite,  iv.  276 
Stinking  sulphureou 
Stoned,  analysis  of,  iv.  588 


Stones,  saline,  iv.  340 
earthy,  iv.  201 
from  the  atmosphere, 
iv.  119 
Stoneware,  ii.  539 
Storax,  V.  129 
Strahlstein,  iv.  332 
Strontian,  iL  73 

acetate  of,  iiL  66 
borate,  iL  615 
carbonate,  iL  659, 

and  iv.  370 
citrate,  iiL  105 
hydrosulphuret,  iiL 

377 
gaUate,iiL  115 


i         • 


IiL  45 
mnriale,  iL  569 
nitrate,  iii.  23 
oxalate,  iiL  87 
pho^>hate,  iL  631 
sulphate,  vL   684^ 

and  iv.  371 
tartrate,  iiL  99 
urate,  iiL  1Q9  v 
water,  ii.  75 
Strontianite,  iv.  370 
Strontites,  iL  74 
Strontium,  iL  77 
Styrax,  v.  126 
Subcaiiiurets  of  iron,  L  246 
Suber,  v.  153 
Suberates,  iiL  f  13 
Suberic  acid,  ii.  344,  and  r. 

822 
Subsaks,  ii.  567 
Subsoap,  ii.  484 
Succinates,  iii^  71 
Succinic  acid,  ii.  297 
Sugar,  iv.  646 

acid  off  ii.  305 
alcohol  from,  v.  412 
caue,  juice  of,  iv.  653 


L 


663 
if,  itf.  mi 

'  mirw!,  T,  ♦"! 
ftfrapM,  i».  fifil 

of  milk,  V.  469 
(Krill  of,  ii.  3«1 
of  Saturn,  tbid. 
pkntA    contajDitig.    iv. 
H70 
Snlphutc  ofcflbalt,  iv.  JK)7,  and 
V,  P4V 

mdiffo,  V.  1 0 

zinc,  iv.  VH 

I  iMii  of,  >i.  6S5 

SulphiUrt,  it).  1 
Sulphur,  i.  79,  and  v.  772 

flowers  of,  !.  79 
cmiibustlDH  of,  i,  81 
in  animals,  t.  4M) 
ludvt,  iv,  38  i 
Sulphureous  xult  of  Stnhl,  ili.  3 
Sulphurct  of  ammonia,  ii.  9 
antimony,  i.  3(7 
arsenic,  i.  S32 
barytes,  H.  Tff 
bnmuA,  {.  907, 

tnd  iv.  *6S 
cobalt,  i.  ?4!i 
copper,  i.  2Q8 
gold,  i.  154 
iron,  i.  229  ■ 
lesd,  i.  ^8,  and 

V.7S*     ■ 
Ihne,  il.  SI 
magneaia,  3.  62 
niaiig8iieae,i.3S0 
merctny,  i.  178 
■nolybdenum,    i. 

S66 
muriatic  acid,  i. 
195 


pln>*phiTf^  L  9^ 
plBlininn,  i.  ISS 
potiuh,  ii.    9 
stU-rr,  i.  Ifia 
'^a.  il  40 
KtKMitian,  iL  TV' 
Iclturium,  i.  Oj 
tin,  i.  gUI 
tang«tpn,  L  STt 
tiranruio,  1 360 
ziac,  i.  'J91 
Sa)pliur«(Ml  hvdrogrn  pi,i 
H9,  and  iii,  471,  47» 

alcohol,  iL  iT, 
azotic  WW,  L I  IS 


oxitl^  of  nwip- 

nwe,  i.  350 
ox{deofiiii,i.S6^ 
Sulpliurotfi,  uJ.  f»7 

metallic,  L  393 
icid,  i.  81,  ti.  177 
glacial,  tL  197 
ph!ogisti<:ale<i, 
ii.  193 


487 
Sulphurooi  t^cH,*  L  8T,  and  5. 

198  ■' 

Sijlphura,;.  88    ' 
Sumach,  v.  909 
Sun,  nature-of,  _r.  583 

emits  threi^  kSids  of  im 

1.58*      ■ 
a  mmce  of  Beo^  i.  584 
heat  of  ha  'nm,  I  586 
Snpeicaiboretiid  bTdnKea,). 

56  '    ■* 

Supenalta,  ii"  567 


INDEX. 
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ipersulphureted  hydrogeD,  i. 

94 

i|^rter8  of  combustion^  L 

602 

partial,  L  60S 
ji&ce  of  minerals,  iv.  190 
irturbrand,  iv.  S86 
vamp  or6,  iv.  452 
veaty  V.  624 

vimming  bladders  of  fishes, 
air  contained  in,  v.  621 
vinestone,  iv.  354 
flvanite,  i.  324 
^rup,  iv.  656 


icamahac,  v.  95 
ifelspathy  iv.  337 
lie,  iv.  S28 

Venetian,  ibid. 
ilcite»  iv.  328 
illow,  v.  47S 

mineral,  ii«  504 
imarinds,  v.  270 
umin,  ii.  383,  and  v.  38 
artificial,  ii.  399 
natural,  ii.  385 
species  of,  v.  40 
mhing,  v.  531 

principle,  ii.  384 
intalite,  iv.  527 
intalum,  L  387«  and  v.  791 

ores  of,  iv.  527 
ir,  mineral,  ii.  507 
trtar,  iii.  92 

cream  of,  iii.  92 
vitriolated,  ii.  659 
chalybeated,  iii.  244 
emetic,  iii.  315 
regenerated,  iii.  59 
df  the  teeth,  v.  660 
secret  foliated  earth  of, 

iii.  59 
salt  of,  IL  27  and  640 
F6L  J. 


Tartar,  soluble,  iii.  92 
Tartarin,  ii.  27 
Tartaric  acid,  ii.  315 

plants  contain- 
ing it,  iv.  640 
Tartrates,  ijL  91 
Tears,  v.  5^4 
Tectum  argcnti,  i.  304 
Teeth,  v.  506 
Telesia,  iv.  227 
TeUurium,  i.  323 

«alts  of,  iii.  317 
muriate  of,  iii.  318 
native,  iv.  494 
nitrate,  iiL  318 
ores  of,  iv,  498 
oxides  of,  i.  324 
sulphate,  iii.  319 
Temperature,  equal  distribu- 
tion of,  i.  478 

of  the  atmospheie^ 
iv.  51 
Tempering  of  steel,  i.  223 
Tenacity,  i.  134 
Tendons,  v.  5^6 
Terra  ponderosa,  iL  66 
Test,  i.  277 
ThaUite,  iv.  245 
Thermometerexplained,  i.  497 
difierential,i.438 
varieties  of^i.499 
Dalton's,  i.  501 
Thermoxygen,  i.  601 
Tliummerstone,  iv.  247 
Thus,  V.  91 
Tile  ore,  iv.  426 
Tiles,  ii.  540 
Tin,  i.  258 

allo>^,  i.  263,  283,  297, 
311,  322,   335,   844, 
369,  375 
•   salts  of,  iii,  245 
acetate,  iii.  256 
arseniate,  iiL  258 
benzoate,  iii.  257 
Uu 


066  1 

Tio,  boraie,  iii.  255 
carbonate,  iu.  '2SS 
fltuUr,  ibid. 

hy(lra*ulphuret«,  iii.  S9( 
inurint<Kl,  iii.  tfiS 
nitrated,  iii.  'H6 
oKa,  i\.  Itil 
oxiUat^,  iiL  S57 
uxidu  of,  i.  259 
piKwpliBU,  iii.  254- 
pyritux,  tv.  4€2 
•uccinMc,  iii.  357 
Map,  iii.  407 
sulphate,  ii!.  853 
Kuli>]iite,  iii.  25* 
tartnWf,  Iii.  258 
Tiucal,  ilS'il  and  613 
TiofoU,  i.  25S 
Turatnif,  i.  2(j9 
Tinplatv,  L  270 
Tinstone,  iv.  4>63 
Tiliuut«,  iv.  52S,  5U 
TiUiniuin,  i.  378 

carbanate,  iii.  349 
muriate,  iii.  548 
niirate,  ibid. 
ores  ot,  iv.  520 
oxides  of,  i.  379 
oxalate,  iii.  349 
salts  of,  iii.  347 
sulphate,  iii.  348 
tartrate,  iii.  349 
Tobacco,  V.  226  and  847 
Tulu,  balsam  of,  v.  122 
TonibaL",  wliite,  i.  S35 
Topaz,  iv.  212,  2S4 

occidental,  iv.  234 
oriental,  iv.  227 
rock,  iv.  548 
Saxon,  iv.  234 
Tortoise-shell,  v.  521 
Touchstone,  iv.  256 
Tourmaliiie,  iv.  242 
Trachese,  v.  SSii 
Tniiu  oil,  v.  476 


Transmission  of  caloric,  i.  45 

Transparency,  i.  407 

Transpiration  of  plants,  v.  M^ 

Traps,  primitive,  iv.  545 
floetz,  iv.  565 
transition,  iv.  556 

Tremolite,  iv.  S33 

Tria  prima  of  the  alchymiN^ 
i.  628 

Triphane,  iv.  292 

Tripoli,  iv.  300 

Troua,  ii.  6+4 

Truflies,  v.  289 

Tube  of  safetj',  ii.  229 

Tula,  iv.  567' 

Timgstate  of  lime,  rv.  519 

Tuogstates,  iii.  55 

Tungsten,  i,  371 

alloys,  L  S7* 
salts  of,  iii.  34li 
ores  of;  iv.  518 
oxides  of,  L  ST} 

Tungstic  acid,  ii.  266 

Tunceric,  v.  203 

Turpfntine,  v.  91 

Tur[jL-th  mineral,  iii.  178 
nitrous,  iii.  166 

Tj-pe  metal,  i.  322 


U 

Ulcers  in  plants,  v.  293 

Ulmin,  iv.  B95 

Umber,  iv.  318 

Unconiinable  bodies,  L  401 

Uran  mica,  iv,  515 
ochre,  iv.  516 

Uranttic  ochre,  ibid. 

Uranium,  i.  355 

ores  of,  iv.  514 
oxides  of,  i.  358 
salU  of,  iiL  340 
aceute,  iii.  346 
arseniate,  ibid. 


^m                                                    GO?         H 

^Himium,  fluate  of,  ibid. 

Vegetation,  v.  295 

^^r^             niiiriatc,  iti.  844 

Veins,  iv.  574 

^K             nitrate,  iii.  S41 

Venus,  i.  298 

^V             pliosphale,  iii.  346 

salts  of.  iii.  194 

^M               sulphate,  iii.  344 

Verdigris,  iu.  207 

^H^              tartrate,  iii.  346 

Vermilion,  i.  180 

^ncUes,  iii.  109 

Verjuice,  iv.  664 

^Kes,  V.  463 

Vesselaofplanta,  V.  336 

^Mnc  acid,  ii.  331 

Vestium,  V.  787                                     ' 

^^^              Eublimate   from,    ii. 

Vesuvian,  iv.  216,  219 

334 

Vinegar,  ii.  278 

Urine,  v.  630 

distilled,  u.  281 

fusible  salt  of,  ii.  625 

radical.  U.  278 

Bpirit  of;  ii.  6 
^^L          changee  produced  on, 

of  Saturn,  iii.  275 

of  Venus,  il  282 

^V            bydiseases,  V.  641 

Viper,  poison  of,  v.  617 

^B         ofthea88,v.644 

Vital  air,  i.  24 

^H                    camel,  v.  645 

Vitreous  copper  ore,  iv,  tlS 

^M                    cow,  V.  645 

silver  ore,  iv.  403                  ' 

^H                    guinea  pig, V.647 

Vitriol,  green,  iii.  223 

^r                     horse,  y.  643 

blue,  iii.  201 

rabbit,  V.  647 

white,  iii.  292 

Urinary  calculi,  v.  669 

Vitriolic  acid,  ii.  177 

of  inferior  ani- 

Volatile and  volatilization,  I 

mals,  v.  687 

80,  and  iii.  682 

liniment,  iii.  403 

V 

Volcanic  ashes,  iv.  574    . 

Volcanite,  iv.  215 

Valerian,  v.  20* 

Volta'B  eudiometer,  i.  37,  and 

Valour,  vesicular,  iv.  69 

V.  17 

explained,  i.  533 

elasticity  of,  i.  537 

W 

state  of,  in  the  atmo- 

■       sphere,  iii.  46  i 

Wacke,  iv.  315 

Vapours,  nature  of,  iii.  451 

Wash,  V.  409 

Varec,  ii.  40 

\Va«p,  venom  of,  v.  620 

Variegated  copper  ore,  iv.  419 

Water,  i.  35,  ii.  116,  and  iv. 

Varnishing,  v.  101 

128 

Vegaltali,  ii.  27 

as  the  food  of  plants, 

V.  :iOS 

Vt^tables,  iv.  635 

compoaition  of,  i.  35, 

ingredients  of,  iv. 

and  ii.  126 

637 

decomposed  by  iron,  L           ' 

■^               decoraposition  of, 

218 

^H                         384 

ofnitre.  ii.  229 

Uu2 

1 

Water,  txpumoa  bj  ooUI»  I 
SOS 
aea»  hr.  ISS 
in  tha  alnoipherey  hr. 

Waters,  h.  128 

acidulotMy  IT.  151 
•eratedalkaliiie,iLm 
analyns  o^  h,  153 
chalybeate,  iv.  151 
common,  hr.  ISO 
hqiatic,  !▼•  153 
mineral,  ir.  143 
rain,  ir.  ISO 
•aline,  it.  152 
•now,  IT.  ISl 

Watellite,  iv.  371 

Wax,  ▼.  59 

myrtle,  ▼.  64p 
punicy  v«  61 

Wedgewood  ware,  ii.  543 

Wemcrite,  ir.  293 

Wheat  flour,  ▼.  345 

Whet  slate,  iv.  S04 

Whcv,  V.  579 

Whwky»  ii.  410 

Wliitc  cobalt  ore,  iv.  503 
copper  <»r-,',  iv.  420 
fl(>\vci>,  V.  *2:JS 
gold  ore,  iv.  4i>4 
Iciul,  i.  274 
lead  ore,  iv.  470 
ore  of  antiiiiony,  iv. 

491 
silver  ore,  iv.  404 
tombac,  i.  SlJj 

Willow,  V.  2L>0 

Wimls,  iv.  87 

trade,  iv.  88 
velocity  of,  iv.  103 

Wine,  V.  41.5 

essential  rait  of,  iii.  59 
its  ferment rttion,  v.  41.5 
component  parts,  v.  418 


Wines,  «able  cf  their 
nent  paita,  w,  481 

Wttherite,  iL  60S;and 

Woad,  ▼.  9S0 

WoU;  L  51S 

Wotfiwnyiv.dlS 

Wood,  ▼.  154, 196 

gaa  lTom,i64 
rocky  nr«  5S0 
tioi,iv.4eS 

Woods,  condnctingpfl 
L474 

Woodatone,  it.  255 

Woodtin,  iw.  463 

Wool,  T.  549 

■o^ai^iiL40S 
Wort,T.40S 
Wonnwood,  r.  325 


Yandite,  iv.  347 
Yeottt,  ▼.  405 
Yenite,  iv.  445 

Yellow  earth,  iv.  318 

cobalt  ore,  iv.  50? 
acid,  V.  5^J6 
ware,  ii.  542 
flowers,  V.  233 

Yolk  of  eg^,  V.  579 

Yttria,  ii.  88 

acetate  of,  ill.  67 
arseniate,  iii.  50 
carbonate,  ii.  Q55 
muriate,  ii.  592 
h  ydrosulphurct,  iiLS8C 
nitrate,  iii.  26 
oxalate,  iii.  88 
phosphate,  ii.  6S2 
succinate,  iiL  73 
sulphate,  ii.  677 
tartrate,  iii.  100 

Yttrctmtalite,  iv.  527 
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Zeolite,  iv.  2?4< 

foliated,  iv.  276 
radiated,  iv.  275 
Zero,  real,  i.  564 
Zinc,  i.  285 

alloys,  i.  293,  322,  SS6, 

S69 
salu  of,  iii.  289 
acetate,  iii.  ^98 
arseniate,  iii.  300 
benzoate,  iii.  298 
borute,  iii.  297 
butter,  iii.  291 
carbonate,  iii.  296 

hydrous,    iv. 
482 
chromate,  iii.  300 
citralo,  iii.  299 
flowers  of,  i.  289 
fluate,  iii.  297 
hydrosulpliuret,  iiL  391 
lactate,  iii.  bOO 
malate,  ibid, 
moiybdatc,  iii.  300 


Zinc,  muriate,  iii.  290 
nitrate,  ibid, 
ores  of^  iv.  477 
oxalate,  iii.  299 
oxides  of,  f.  288 
phosphate,  iii.  296 
soap  of,  iii.  406 
succinate,  iii.  298 
sulphate,  iii.  291 
sulphite,  iii.  294 
tartrate,  iii.  299 
tungstate,  iii.  300 
Zingiberic  acid,  v.  825 
Zircon,  iv.  208 
Znconia,  ii.  93 

how  freed  from  iron, 

ii.  594 
acetate,  iii.  67 
carbonate,  ii.  656 
muriate,  ii.  592 
nitrate,  iii.  27 
sulphate,  ii.  678 
Zirconium,  ii.  96 
Zoisite,  iv.  24*6 
Zoonic  acid,  ii.  352 
Zoophites,  v.  513 
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